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INTRODUCTION 

The Am2901A Four-Bit Bipolar Microprocessor Slice and its 
associated support circuits have become the industry stan- 
dard. However, even as this niche is already carved in the 
microprocessor industry, consideration must also be made to 
those users who either have not dealt with the speed and flex- 
ibility of the Am2900 Family or have utilized other types of 
microprocessing in their applications. Therefore, it is important 
that the needs of these users be met at least partially by al- 
lowing them to adapt to this new concept through the use of 
familiar tools. 

This document describes the emulation of an Am9080A 
Eight-Bit MOS Microprocessor built around four Am2901A Bit 
Slices and three Am2909 Microprogram Sequencers. The 
primary purposes of this design are: 

1. To demonstrate the use of the Am2901A, Am2909, and 
microprogramming in general, and 

2. To emulate the Am9080A/Am8228 chip set in such a way 
as to better enable the user to make the transition to im- 
plementing the Am2900 Family in his system, particularly if 
he has previously been Am9080A-oriented. 

The design was not intended to minimize component count or 
cycle times, but rather to demonstrate an emulation in the 
most straightforward manner. However, even though speed 
was not the first consideration in this design, the emulator 
needs, on the average, about 40% fewer clock cycles than 
does the Am9080A (see Table 1). Also, it can run with a 
maximum clock frequency of about 5MHz, which altogether is 
about a 4:1 speed improvement over the standard 2MHz 
Am9080A/Am8228 instruction set (see Table 7). 

Furthermore, the emulator has the same input/output lines 
and controls as does the Am9080A/Am8228 set, i.e.: 

1. A 16-bit wide Address Bus 

2. An 8-bi t wide Data Bu s 

3. MEMR, MEMW, l/OR, l/OW, HLDA, WAIT and INTA con- 
trol outputs 

4. HOLD, READY, INT, and RESET control inputs. 

A complete list of the parts used in this design can be found 
at the end of the text. 



GENERAL PHILOSOPHY 

The Architecture 

The heart of the emulator is a 16-bit wide ALU constructed 
with four Am2901A Four-Bit Bipolar Microprocessor Slices. 
Their internal registers are assigned as the Am9080A regis- 
ters, including both the Program Counter and the Stack 
Pointer. The four Am2901A's are grouped in two pairs, a High 
Order Pair and a Low Order Pair. This scheme provides an 
easy access to the 16-bit register pairs (B-C, D-E, H-L) as 
well as to the 16-bit registers (PC, SP). The internal register 
allocations of the Am2901A's are depicted in Table 2. Note 
that for the High Order Pair (HOP), the Am2901A memory lo- 
cations for each of the working registers are the same as the 
numbers used to identify these registers as source or destina- 
tion registers in the Am9080A instructions. Thus, by properly 
decoding these bits in the Am9080A instructions and applying 
them to the A or B addresses of the Am2901A's, all of the 
Am9080A register-to-register instructions (approximately 25% 
of the total number of instructions) can be handled by only 
one set of microinstructions. This, of course, simplifies and 
shortens the microoroaram. 



Furthermore, addressing a register pair (B-C, D-E, H-L) is 
made easy by selecting bits 4 and 5 of the Am9080A instruc- 
tion and applying them to the A or B address of the 
Am2901A's. This is true provided the register in the Low 
Order Pair (LOP) contains the same data as its corresponding 
register in the HOP. It can be accomplished merely by invert- 
ing the Least Significant Bit of the LOP register address 
whenever a single-byte (8-bit) operation is performed. For 
example, if the Am9080A instruction INR B (Increment Regis- 
ter B) is to be performed, its destination bits (000) are applied 
to the HOP B addresses, addressing Register 0. However, 
001 is applied to the LOP B address, addressing Register 1 , 
which again is B. 

Executing double register operations (INX, DCX, LXI, etc.) 
does not require this Least Significant Bit (LSB) inversion, but 
for these instructions, the adjacent pairs of registers should 
always be updated. This can be accomplished by byte- 
swapping, e.g. taking Register H from the HOP (No. 4) and 
writing its contents into Register H of the LOP (No. 5), and at 
the same time taking Register L from the LOP (No. 4) and 
writing its contents into Register L of the HOP (No. 5). All of 
this can be done in one microcycle, and as the amount of 
such instructions is relatively small, the time consumption in- 
volved is negligible. 

This system of register allocation uses only 3 bits of the micro- 
instruction, but shortens by an appreciable amount both the 
microcode and the execution times. The registers adjacent to 
those allocated to A, PC, and SP are used as "scratchpads". 
The constants in Registers 12 and 13 are loaded in the ini- 
tialization phase following a restart and are used in the restart 
instruction (RST) to properly mask the restart address bits 
from the Data Bus. 



The Microprogram Control Unit 

Figure 1 is a block diagram of the Microprogram Control por- 
tion of the emulator. This unit is a typical example of a com- 
puter control unit that uses three Am2909 Microprogram 
Sequencers. In an instruction fetch cycle, the Instruction Reg- 
ister latches the instruction appearing on the Data Bus and re- 
tains it during its execution. The output of this register is 
applied to the Mapping PROM (256 words by 12 bits) address 
inputs. This PROM maps the 8-bit instruction into the appro- 
priate 12-bit microprogram memory address. The data ouputs 
of this Mapping PROM are connected to the D inputs of the 
Am2909's. Some Instruction Register bits also go to the ALU 
for register selection. 

The Am2909 control lines are controlled by a Sequence 
PROM. Three of the Sequence PROM address inputs come 
from the Pipeline Register and a fourth is supplied by a 
sixteen-input Condition Code Multiplexer. Of its sixteen inputs, 
twelve are used: five for the Am9080A flags (CY, Z, S, P, 
AC), three for the micro-status bits (F^0, F 3 , C n+4 ), three for 
the INT, READY, and HOLD controls to the emulator, and one 
always TRUE input which the sequencer uses to execute an 
instruction unconditionally. The interrupt inputs are gated with 
one bit from the Sequence PROM and connected to the 
Am2909 OR inputs. This effectively allows the forcing of 'T"s 
into all of the OR inputs of the Am2909's when an interrupt is 
requested, while at the same time enabling the interrupt, forc- 
ing "1"'s into all of the microprogram address lines. At the 
highest available microprogram address, there is a JUMP to 
the interruot handler. 



Table 1. Clock Cycle Requirements for the Am9080A Emulation. 
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DATA TRANSFER 
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s 
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MOVr, r 


Move register to register 
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MOVm, r 


Move register to memory 
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7 
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MOVr, m 


Move memory to register 
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Move to register, immediate 
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MVI, m 


Move to memory, immediate 
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Load Ace, direct 
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5 


LDAXB 


Load Ace, indirect via B & C 
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LDAXD 


Load Ace, indirect via D & E 
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LHLD 


Load H & L, direct 
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LXI H 


Load H & L, immediate 
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5 


LXID 


Load D & E, immediate 
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LXIB 


Load B & C, immediate 
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LXISP 


Load stack pointer, immediate 
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SHLD 


Store H & L, direct 
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STA 


Store Ace, direct 
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STAXB 


Store Ace, indirect via B & C 
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Store Ace, indirect via D & E 
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Transfer H & L to stack pointer 
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Exchange D & E with H & L 
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Exchange top of stack with H & L 
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Input to Ace 
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OUT 


Output from Ace 
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Halt and enter wait state 
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STC 


Set carry flag 
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Complement carry flag 


1 


1 




1 


1 





1 


1 




4 


3 


El 


Enable interrupts 
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Disable interrupts 
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No operation 
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Jump unconditionally 
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Jump on carry 









1 













3 


10 


8-5 


JNC 


Jump on no carry 
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JZ 


Jump on zero 
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Jump on not zero 
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Jump on positive 
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Jump on minus 
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Jump on parity even 
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Jump on parity odd 
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CALL 


Call unconditionally 
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CC 


Call on carry 
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CNC 


Call on no carry 
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CZ 


Call on zero 
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CNZ 


Call on not zero 
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CP 


Call on positive 
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17-11 | 12-5 


CM 


Call on minus 
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CPE 


Call on parity even 
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CPO 


Call on parity odd 
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8 


RET 


Return unconditionally 









1 
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9-3 


RC 


Return on carry 
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RNC 


Return on no carry 
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1 













11-5 | 9-3 


RZ 


Return on zero 
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RNZ 


Return on not zero 
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RP 


Return on positive 
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Return on minus 
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11-5 ! 9-3 
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Return on parity even 
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RPO 


Return on parity odd 
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PCHL 


Jump unconditionally, 
indirect via H & L 
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V 
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11 I 9 


RST 


Restart 



*The number of dock cycles required to execute some instructions may vary, according to the conditions present at execution time. For example, 
a CMC (Complement Carry) is implemented in microcode, not in hardware. The carry is uriconditionaUy reset while the previous status of this flag 
is examined. If it was already reset, a jump to the STC (Set Carry) routine is performed; otherwise, the next instruction is immediately fetched. 



Table 1. Clock Cycle Requirements for the Am9080A Emulation. (Cont.) 







< 


Dp Code 










Clock Cycles 


Assembly 




















Number 




Am9080A 


instruction Description 


D 7 


D 6 


D 5 


D 4 


°3 


D 2 


Di 


Do 


Of Bytes 


Am9080A 


Emulation 


Mnemonic 






















ARITHMETIC 




















s 


s 


s 


1 


4 


3 


ADDr 


Add register to Ace 
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Add with carry register to Ace 
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ADDm 


Add memory to Ace 
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ADCm 


Add with carry memory to Ace 
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Add to Ace, immediate 
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Add with carry to Ace, immediate 
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DAD B 


Double add B & C to H & L 
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DADD 


Double add D & E to H & L 
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1 
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DADH 


Double add H & L to H & L 
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DADSP 


Double add stack pointer to H & L 
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s 
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Subtract register from Ace 
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SBBr 


Subtract with borrow register 
from Ace 
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SUBm 


Subtract memory from Ace 
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1 
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7 
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SBBm 


Subtract with borrow memory 
from Ace 
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7 
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SUI 


Subtract from Ace, immediate 
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SBI 


Subtract with borrow from 
Ace, immediate 
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Decimal adjust Ace 
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PUSH B 


Push registers B & C on stack 
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PUSH D 


Push registers D & E on stack 
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PUSH H 


Push registers H & L on stack 
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PUSH PSW 


Push Ace and flags on stack 
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POPB 


Pop registers B & C off stack 
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POPD 


Pop registers D & E off stack 
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Pop registers H & L off stack 
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Pop Ace and flags off stack 
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AND register with Ace 







1 












! 1 7 


5 


ANAm 


AND memory with Ace 
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AND with Ace, immediate 
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Exclusive OR register with Ace 
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Exclusive OR memory with Ace 
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XRI 


Exclusive OR with Ace, immediate 
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ORAr 


Inclusive OR register with Ace 
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ORA m 


Inclusive OR^pemory with Ace 
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i OR! 


Inclusive OR with Ace, immediate j 
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Compare register with Ace 
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Compare memory with Ace 
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CPI 


Compare with Ace, immediate 
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Complement Ace 
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RLC 


Rotate Ace left 
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1 I 1 I 4 
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RRC 


Rotate Ace right 
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; RAL 


Rotate Ace left through carry 
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RAR 


Rotate Ace right through carry 
















INCREMENT/DECREMENT 
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Increment register 
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INR m 


Increment memory 
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INXB 


Increment extended B & C 











1 








1 
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INXD 


Increment extended D & E 
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INXH 


Increment extended H & L 
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INXSP 


Increment stack pointer 
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DCRr 


Decrement register 
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DCR m 


Decrement memory 
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DCXB 


Decrement extended B & C 
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DCXD 


Decrement extended D & E 
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DCX H 


Decrement extended H & L 
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DCXSP 


Decrement stack pointer 
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Figure 1. Microprogram Control Unit. 



Table 2. 
Am9080A Emulation Register Allocations. 
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Stack Pointer 


Stack Pointer 
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scratch pad 
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scratch pad 


scratch pad 
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00000000 


00111000 | 
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00000000 | 
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Program Counier 


_ ■ I 
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The microprogram memory is organized as 56 bits wide and 
352 words deep. Twelve of the fifty-six bits of the micropro- 
gram word are used to supply the address of the next mi- 
croinstruction if a jump is needed in the microcode. The eight 
least significant bits of this field can also be applied (under 
microprogram control) to the Data Bus, thus allowing the 
Am2901A's to obtain data from the microinstruction. Three 
bits of the microprogram word are needed for the Sequence 
PROM and one bit is used to control the Condition Code Mul- 
tiplexer polarity. The remaining forty bits are used in the ALU 
and in the other parts of the emulator. 

Figure 2 is a block diagram showing the connections for the 
register, address, and data inputs of the Am2901A's. Data 
appearing on the Data Bus is latched into the Data Register. 
Supplying data to each pair of Am2901A's is a Data Multi- 
plexer which can select either the output of the Data Register 
or, if a byte swap is to be performed, the output of the oppo- 
site pair of Am2901A's. The A and B address multiplexers 
choose between the register addresses supplied by the micro- 
instruction and those extracted from the Am9080A instruction. 
Wrtfttn the system, as was earlier described, -LSB inversion 
circuitry allows single-or double-byte addressing on the LOP. 
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Figure 2. Data Processing Unit. 



The outputs of the Am2901A's are latched into one of two 
pairs of registers that are under microprogram control. These 
registers serve to transfer the address onto the Address Bus 
or the data onto the Data Bus. In shifting operations, two mul- 
tiplexers direct the data to the RAM and Q shift inputs of the 
Am2901A's. Shifting the CY bit into either end of the 8-bit 
word is done by hardware. On the other hand, shifting either 
end of the word into the CY bit, or shifting bit to bit 7, or 
vice versa, is done by software. This method was used in 
order to demonstrate microprogramming. 

The Am9080A flags are generated and stored using special 
circuitry. The Zero and Sign Flags pose no problem; the F=0 
and F 3 outputs from the Am2901A's can be used directly. The 
Parity Flag necessitates the addition of a parity generator (an 
Am82S62). The AC Flag is the C n+4 output of the Least Sig- 
nificant Am2901A Slice and can almost be used directly. 
Generating the CY (Carry) Flag, however, is a different mat- 
ter. When performing a subtraction, the normal convention 



dictates that if there is no borrow, the carry will be "1", and if 
there is a borrow, the carry will be "0". The carry in the 
Am9080A is the complement of this. Therefore, if one of the 
two subtract instructions of the Am2901A is executed, both 
instructions must be decoded, while the C n+4 output of the 
Most Significant Am2901A Slice must be complemented. 

Furthermore, the flags in the Am9080A instructions are af- 
fected in a different manner. This design of the Am9080A 
emulation covers the six possible types of instructions as dis- 
played in Table 3, implemented either with hardware or with 
software. The logical instructions are decoded by gates and a 
"0" is forced into the CY and AC bits of the Flag Register. 
Two bits in the microinstruction are used to control the up- 
dating ("affectedTnot affected") of the flags: one bit for CY 
and one for all of the other flags. (Also see Advanced Micro 
Devices' 8080 A 19080 A MOS Microprocessor Handbook, 
Chapter 3.) 



Table 3. Am9080A Flags. 



Types of Instructions 


CY 


AC 


Z,S,P 


INR, DCR 


NA 


A 


A 


DAD, CMC, STC, ail Rotates 


A 


NA 


NA 


ORA, ORI, XRA, XRI 


C 


C 


A 


ANA, ANI 


C 


ND 


A 


i either 
Other instructions { 

\ or 


A 

NA 


A 
NA 


A 
NA 



C = Cleared (Reset) 
A = Affected 



THE HARDWARE 



NA = Not Affected 
ND = Not Defined 



Bus Interface and Interrupt Control 

Figure 3 depicts in detail the sequencing portion of the 
Am9080A emulation. The Data Bus, comprised of BUS 
through BUS 7 , is connected to the inputs of an Am25LS377 
eight-bit Register (U1516). Data appearing on the Data Bus is 
clocked into this register if its E input is LOW, which normally 
happens during an instruction fetch cycle. The instruction thus 
stored in this register is now available on the output of the 
register during the entire execution time, both for the Mapping 
PROM's (three Am29761: U11, U12, U13) and for the Regis- 
ter Address Multiplexers (two Am25LS157: U65, U66 in Fig- 
ure 4). The Mapping PROM's supply addresses to the D in- 
puts of the three Am2909 sequencers (U21, U22, U23), 
whose R inputs are connected to the microprogram memory 
output (bits /x42-/x53). Since the RE inputs of the sequencers 
are always LOW, their internal registers serve as a part of the 
Pipeline Register. They will contain the next micro program 
address if a jump is anticipated. The S , S 15 PUP, and FE 
control inputs of the sequencers are driven by a Sequence 
PROM, an Am29751 (U14), and their CPU inputs are driven 
by the system clock. The least significant C n input is tied to 
HIGH, while th e remai ning C n inputs are driven by the preced- 
ing C n+4 . The ZERO inputs are normally pulled HIGH, but a 
momentary push-button can force a LOW, thus steering the 
microprogram to Location for initialization. All of the OR in- 
puts of the sequencers are tied together and to the output of 
an AND gate (8/U73*). If the interrupt is enabled (IN- 
TE = HIGH), and there is an interrupt request (INT=HIGH), 
and the D output of the Sequence PROM is also HIGH, then 
the highest available location of the microprogram memory 
will be addressed where a "Jump-to-lnterrupt Handler" in- 
struction is written. Using the O output of the Sequence 
PROM to gate interrupts provides a simple means to assure 
that an interrupt can be executed only at macroinstruction 
boundaries. This is achieved by setting this bit LOW in every 
microinstruction except in the instruction fetch, where it is 
HIGH. The Y outputs of the sequencers, always enabled, 
supply the microcode memory address. 

Microprogram Memory 

The microprogram memory can be any memory array pro- 
viding 56-bit wide words 352 words deep. Using seven 
Am29773 512 x 8 PROM's for this arrangement will provide a 
typical 45ns access time, although other configurations are 
possible. Table 4 is a summary of the microcode bit alloca- 
tion. Some of the microprogram memory data are stored in 
the Pipeline Registers, made up of seven Am25LS374 eight- 

* This notation is used in the text to indicate a certain pin of the device 
being referenced. Hence, in this case, the text is talking about pin 8 el 
U73. 



Table 4. Microcode Bit Allocation Summary. 


Bit No. 


No. of 
Bits 


Description 


0-2 


3 


ALU Source (l -l 2 of the Am2901A's) 


3-5 


3 


ALU Function (l 3 -l 5 of the Am2901 A's) 


6-8 


3 


ALU Destination (l 6 -l 8 of the Am2901 A's) 


9-12 


4 


ALU "B" Address 


13-16 


4 


ALU "A" Address 


17 
18 
19 
20-21 
22 


1 

1 
1 
2 

1 


Single/Double Byte 

C n for least significant Am2901A slice 

Rotate and Swap Control (formatted) 

Update/keep flags 

"A" Address Switch 


23-24 
25-26 
27-32 

33 


2 
2 

6 

1 


Am2901A Output Steering Control 
Data Bus Enable Control 


HLDA, MEMW, IV1EMR, l/OW, l/OR, INTA 
Am9080A System Control Outputs 
"B" Address Switch 


34-37 


4 


Condition Code Select 


38 
39-41 


1 

3 


Condition Code Polarity Control 
Next Instruction Select 


42-S3 


12 


Numerical Field 


54 


1 


Numerical Field to Data Bus Control 


55 


1 


Instruction Register Clock Enable 



bit Registers (U3132, U3241, U4142, U51, U8182, U7172, 
U5161). The microinstructions are comprised of the outputs of 
these devices, each output being designated "PL". Five of 
these registers have their outputs constantly enabled. This al- 
lows the microtnstruction to be delivered to the various parts 
of the circuit. Bit PL27 serves a dual purpose in this part of 
the circuit. Besides controlling the output of U7172, it is also 
inverted to serve as the HLDA output control line. This latter 
function allows the floating of all of the control outputs, except 
HLDA, when a Hold is acknowledged. 

The output of U8182 is connected to the Data Bus and is en- 
abled by PL54 only when the 8 least significant bits of the 
numerical field (bits /Lt42 through /i49 in the microinstruction) 
are needed as data. PL55 is the Clock Enable for the Instruc- 
tion Register (1/U1516). It also serves as the Clock Enable of 
the Data Register U 12324 (Figure 4) when it is inverted and 
delayed by one microcycle. This is needed to enable the Data 
Register to retain its contents while the instruction is fetched. 
Thus, it provides the possibility of executing the last step of 
an instruction while fetching the next one. The. WAIT control 
output, obtained on pin 6 of U7172, is generated by an AND 
gate (6/U83), the mechanism of which will be explained later. 

Two Am2922 Multiplexers (U8474, U8475 in Figure 3) are 
used to select one of sixteen conditions to generate the condi- 
tion code. Their internal control registers serve as part of the 
Pipeline Register. Bit PL37 selects one of the two multi- 
plexers, and bits /u,34, ^35, and /u36 select one-of-eight on 
that multiplexer. Bit |U,38 is the polarity control of the output. 
Thus, the output can either be HIGH for TRUE and LOW for 
FALSE or vice versa. This output is the LSB of the Sequence 
PROM address. Table 5 summarizes the condition inputs to 
the Am2922 multiplexers. 

An Am29751 PROM (U14) is used as a Sequence PROM. 
This is a 32-word by 8-bit memory, but a 16-word by 5-bit 
configuration is ait that is needed in this application. Address 
bit is the condition code coming from the condition code 



multiplexers, while address bits 1, 2, and 3 come from the 
Pipeline Register. Data bit serves as an interru pt inte rnal 
enable and data bits 1, 2, 3, and 4 control the FE, PUP, S-,, 
and S inputs of the Am2909 sequencers, respectively. Table 
6 is the program for this PROM. 

ALU and Working Registers 

Figure 4 depicts the inputs to the four Am2901A four-bit 
slices. An Am25LS377 Eight-Bit Register (U12324) stores the 
Data Bus information. It is clocked in on every microcycle, ex- 
cept the one after the instruction fetch cycle. This is very use- 
ful for some instructions (e.g., Restart, where the instruction 



code itself contains data.) Two pairs of multiplexers (four 
Am25LS157 - U53, U54 t U55, U56) select between the data 
of the Data Bus and the output of the opposite pair of 
Am2901As, thus enabling byte-swapping. This selection is 
controlled by the SWAP signal, generated by another 
Am25LS157 (9/U64). PL17 is applied to the S input of this 
multiplexer, which performs the following functions: 

1Y(C n ofHOP) 2Y (ROTATE) 3Y (SWAP) 

PL18 PL19 LOW 



PL17 

LOW (single-byte 
operation) 

HIGH (double-byte 
operation) 



C n+4 of LOP 



LOW 



PL19 











Table 5 


. Condition Code Truth Table. 




















Symbol 


PL37 


c 


B A 


Condition 




Designation 


Description 


TO 











z 


Am9080A Zero flag 




T1 








1 


CY 


Am9080A Carry flag 






T2 








1 


P 


Am9080A Parity flag 






T3 








1 1 


S 


Am9080A Sign flag 






T4 





1 





AC 


Am9080A Auxiliary Carry flag 






T5 





1 


1 


- 


not used 






T6 





1 


1 


_ 


not used 






T7 





1 


1 1 


- 


not used 






T8 










INT 


Am9080A INT request (control input) 






T9 







1 


READY 


Am9080A READY request (control input) 






T10 







1 


HOLD 


Am9080A HOLD request (control input) 






T11 







1 1 


- 


not used 






T12 




1 





F 3 


F 3 of most significant Am2901A slice 






T13 




1 


1 


F=0 


F=0 outputs of all Am2901A's OR'ed together 






T14 




1 


1 


C n +4 


C n+4 from most significant Am2901A slice 






T15 




1 


1 1 


"1" 


Constant HIGH ("unconditional") 








*C,E 


3, and A 


are the internal equivalents of PL36, PL35, and PL34, respectively. 

















Table 6. Sequence PROM Program. 


















I 










o 


Oi 


2 3 4 










A 1 A 2 


A 3 


A 4 




FE 


PUP S1 SO 


Mnemonic 


Am2909 Function (Y=1) 
















1 


X 


C 


Microprogram Counter 










1 





1 


X 1 


R 


Register 









1 








1 


X 1 1 


D 


"D" Inputs 









1 


1 





1 


X 1 


R 


Register 






1 











1 


X 


C 


Microprogram Counter 






1 





1 








1 1 


SBR 


Register (and PUSH jxPCounter) 






1 


1 








1 


X 1 


R 


Register 






1 


1 


1 








1 


RTN 


STKO (and POP) 






1 








1 


1 


X 1 


F 


STKO (without POP) 






1 





1 








1 1 


SBR 


Register (and PUSH /xPCounter) 






1 


1 














POP 


/uPCounter (and POP) 






1 


1 


1 








1 


PR 


Register (and POP) 






1 1 











1 


X 1 


R 


Register 






1 1 





1 








1 


PUSH 


/LtPCounter (and PUSH ^Counter) 






1 1 


1 








1 


X 1 


R 


Register 






1 1 


1 


1 


1 


1 


X 1 


F 


STKO (without POP) 












X = Don't Care C = Continue R = Register D = Direct F = File 





By this arrangement, a single Control Bit (PL19) can be used 
for two different controls (SWAP, ROTATE), according to 
whether a single-byte or a double-byte operation is performed. 
The same device can also control the carry input (C n ) of the 
HOP Am2901A slices. In a double-byte operation, this C n 
should be the carry-out (C n+4 ) of the LOP Am2901A slices. 
However, in a single-byte operation, it should be determined 
by a control bit of the microcode (PL18), which is identical to 
the LOP C n input. This is a simple example of microcode 
formatting, as defined in Advanced Micro Devices' Micros 
programming Handbook. 

The four A register (source register) address lines of the 
Am2901A's are fed from an Am25LS157 Multiplexer (U66). It 
can select as the source either bits PL1 3 through PL1 6 of the 
microprogram or bits through 2 of the Data Bus, latched in 
U1516 (Figure 3). In the latter case, the Most Significant Bit is 
always LOW. Thus, bit PL22 ("A" Switch) controls whether 
the particular register is addressed by the microcode or the 
macrocode. The same is true for the B register (or destination 
register) address lines, this time using another Am25LS157 
Multiplexer (U65) and bit PL33 ("B" Switch). Remember that 
the least significant address bit of both the source and desti- 
nation register addresses is inverted in a single-byte opera- 
tion. This is accomplished by an Am25LS153 Multiplexer 
(U63) and the "single/double" control bit PL17. However, in a 
double-byte operation, the macroinstruction register pair ad- 
dress is used, and occupies only two bits in the destination 
field. In that case, the LSB of the B address is set to LOW 
(13/U63). 

Two Am25LS257 Multiplexers (U76, U77) take care of the I/O 
connections necessary to execute all Rotate instructions. Only 
one of these two multiplexers is enabled at any time, accord- 
ing to PL7, which is also l 7 of the Am2901A instruction. When 
shifting, l 7 = HIGH will cause an up-shift (rotate left in 
Am9080A terminology) and l 7 =LOW a down-shift (rotate 
right). The rotate control signal, generated by 7/U64, selects 
the source of the shifted-in bit. 

U77 participates in the rotate right instructions. The 1Y output 
feeds RAM 3 of the HOP and the 2Y output feeds RAM 3 of the 
LOP. The shifted-in bit will be either the shifted-out bit of the 
corresponding pair of slices or the CY Flag. This is deter- 
mined by whether an "around carry" (ROTATE = LOW) or a 
"through carry" (ROTATE=HIGH), respectively, is required. 
The 3Y output of U77 feeds Q 3 of the HOP and the 4Y output 
feeds Q 3 of the LOP. When ROTATE = LOW, the shifted-out 
Q bit of each pair will be shifted in, but when 
ROTATE-HIGH, the shifted-out Q bit of the opposite pair 
will be shifted in, thus performing a double-byte rotate. This 
capability is one that is not contained in the Am9080A itself, 
but is a very useful feature in the emulation. 

U76 performs a similar function in a rotate left instruction. As 
can be seen, the shifting-in of the Carry Flag in a "through 
carry" rotate instruction is implemented in hardware. Every ro- 
tate instruction requires that the Carry Flag be set according 
to the shifted-out bit. Although this could also be accom- 
plished by using hardware, a software method was chosen for 
demonstrational purposes. The bottom of Figure 5 shows the 
system outputs, the flag generation, and some control func- 
tions. 

Instruction Decode 

The nine I inputs of each Am2901A slice are fed in parallel by 
bits PLQ through PL8 of the microprogram word; The Y out- 
puts of the low order microprocessor pair are routed to two 



Am2920 registers, U9394 (the Data register from the LOP, re- 
ferred to in the microcode as "DL"), whose outputs are tied to 
the Data Bus, and U9596 (the Address register from the LOP, 
referred to as "AL"), whose outputs are tied to the eight least 
significant bits of the Address Bus. Similarly, the Y outputs of 
the high order microprocessor pair are routed to two addi- 
tional Am2920 registers, U10304 (the Data register from the 
HOP, called "DH" in the microcode) and U 10506 (the Ad- 
dress register from the HOP, called "AH"). They are also 
connected to an Am82S62 (U97), which generates the even 
Parity Flag. 

The Output Enable's of both address registers (U10506 and 
U9596) are controlled by PL27, which is actually the inverted 
HLDA. Thus, the Address Bus is placed in the high- 
impedance state when a hold is acknowledged. The Data Bus 
has three sources: U9394, U10304, and the Flag registers 
U101 and U102. One-half of an Am25LS139 Decoder/ 
Demultiplexer (U131), using PL25 and PL26 of the micro- 
instructions as control inputs, assures that no more than one 
output is enabled at any time. Since the 1Y0 output of this 
decoder is not connected, none of the register outputs are 
enabled when both PL25 and PL26 are LOW, and the Data 
Bus is free for other communication purposes (e.g., main 
memory read). The other half of the same decoder (U131) di- 
rects the Am2901 A output to one of three sets of registers by 
controlling the Register Enable's: the two data registers 
(U9394, U10304) are controlled by the OCL 1 line, the two 
address registers (U9596, U10506) by the OCL 2 line, and 
the INTE register (U1 1 1 ) by the OCL 3 line. 

Status Bits 

In order to shorten the execution time by interleaving several 
different operations, it is necessary to delay the updating of 
the address registers when the READY input is LOW. This is 
required until the I/O or main memory completes its read or 
write cycle (and sets READY to HIGH). If the 2Y2 output of 
U131 is selected (LOW) by PL23 and PL24, and READY (T9) 
is HIGH, then 13/U113 will go HIGH and the OCL 2 line LOW, 
thus allowing the address registers to latch their input. How- 
ever, if at the same time READY is LOW there is an I/O or 
memory reference operation (PL28 or PL29 or PL30 or PL31 
is LOW), then 6/U73 will be LOW. This will bring both 10/ 
U113 and OCL 2 HIGH, thus blocking the data coming in to 
the address registers. 

The INTE (Interrupt Enable) control output of the Am9080A is 
a single-bit, software-controlled flag. An Am2920 (U111) is 
used to store its state. The flag is generated by using 
software to manipulate the MSB's of the HOP Am2901A 
slices, using the most significant F 3 output. PL23 and PL24, 
through U131 and the OCL 3 control line, determine whether 
or not to update this status. The INTE output is also used in 
the interrupt recognition circuit (9/U73, Fig. 3), as described 
above. 

The five Am9080A flags are stored in two Am2918 registers; 
U102 stores the CY Flag and U101 the others. The Y Outputs 
of these registers are connected to the Data Bus and are con- 
trolled by DB3, which is generated by U131. This enables 
PUSH PSW, where the contents of the A register are written 
into the stack. The input of U101 is fed from an Am25LS157 
Multiplexer (U91 ). The B inputs of this multiplexer come from 
an additional Am25LS157 (U115). Usually, U115 will pass 
whatever data is appearing on the Q outputs of U101 to the B 
inputs of U91. Bit PL20, when HIGH, will pass this data back 
to UtOt, thus storing the previous contents of U101 This is 
the case when the flags are not affected. The 1 A input of U91 



(the Z flag) comes from the F=0 outputs of the Am2901A 
slices, all of which are tied together and pulled up to V cc by a 
1KH resistor. The 2A input of U91 (the P flag) comes from the 
Am82S62 Parity Generator (U97). The 3A input of U91 (the S 
flag) comes from the F 3 output of U34. The 4A input of U91 
(the AC flag) comes from the C n+4 output of U33, through an 
AND gate. Thus, when PL20 is LOW, the new flags will be 
latched in U101 . This is the case when the flags are affected. 

As mentioned earlier, the case for the CY flag is somewhat 
different. PL3, PL4, and PL5 are the l 3 , i 4 , and l 5 instruction 
bits of the Am2901A slices, respectively. The logic operations 
are decoded from these bits to cause 1/U113 to go LOW. 
This resets, using two AND gates, both the CY flag coming 
from the C n + 4 output of U34 (which is applied to the 1C0 
input of an Am25LS153 Multiplexer - U92) and the AC flag 
(as mentioned before). The two subtract operations are also 
decoded and they control the A control input of U92, selecting 
the complement of the carry as the CY flag, through the 1C1 
input. If PL21 is HIGH, the previous carry is directed back to 
U1 02 through U125. 

Both U125 and U115 (two Am25LS157 multiplexers) effect 
the POP PSW instruction. Here, the flags are read from the 
main memory and are stored in the flag registers U101 and 
U102. The NAND function of the Am2901A's (when l 345 = 



101) is used for this purpose and this purpose only. This func- 
tion is decoded and applied to the S input of both multiplexers 
(1/U115 and 1/U125), thus moving the flags latched in the 
data register U12324 (Figure 3) to their proper registers 
(U101 , U102). This is an example of microprogram formatting, 
since the l 345 bits are used for two different purposes. 
The Q outputs of the Flag Registers are also applied to the 
appropriate inputs of the condition code multiplexers U8474 
and U8475 (Figure 3 and Table 5). 

An Am25LS374 register (U121) is used to latch both the in- 
coming INT, READY, and HOLD control signals and the 
C n+4 , F=0, and F 3 micro-flags, and then to apply them to the 
condition code multiplexers. 

Timing Considerations 

Two worst case speed paths are calculated in Table 7: The 
Control Path and the Data Path. In each case, the maximum 
and typical values are shown using Am25LS commercial parts 
(V cc = 5V, T A = 25°C). Two additional columns are 
shown: maximum and typical values if "S" type parts are 
used, when applicable. The calculation point is from the 
LOW-to-HIGH transition of the clock pulse until the next 
LOW-to-HIGH transition of the clock (in ns). 



Table 7. Speed Path Calculations. 



Designation 



Device Type 



Path 



Am25LS 
Typ. Max. 



"S" 
Typ. Max. 



Control Path 



Remarks 



U5161, U121 


Am25LS374 


CP-»Y 


22 


37 


11.5 


17 


Notel 


U62 


74LS04 


In -> Out 


10 


15 


not needed 




U8475 


Am2922 


OE->Y 


10 


17 


10 


17 




U14 


Am29751 


A-*0 


32 


50 


32 


50 




U21 


Am2909 


S S-| -> c n + 4 


50 


50 


50 


50 




U22 


Am2909 


C n "* c n+4 


18 


18 


18 


18 




Microprogram Memory 


Am29773 


A-»D 


35 


50 


35 


50 




Pipeline Register 


Am25LS374 


Set-up 


20 


20 


5 


5 








Total 


197 


257 


161.5 


207 









Data Path 












Pipeline Register 


Am25LS374 


CP^Y 


22 


37 


11.5 


17 




U65, U66 


Am25LS157 


S-»Y 


15 


23 


12 


18 


Note 2 


U62 


74LS04 


In -> Out 


10 


15 


3 


5 




U63 


Am25LS153 


C-*Y 


10 


16 


not needed 




U43 


Am2901A 


A, B -► C n+4 


75 


75 


75 


75 




U44 


Am2901A 


C n "* C n + 4 


20 


20 


20 


20 




U64 


Am25LS157 


A-» Y 


8 


12 


4.5 


6.5 




U33 


Am2901A 


C n -* C n+4 


20 


20 


20 


20 




U34 


Am2901A 


C n ^F=0 


50 


50 


50 


50 




U91 


Am25LS157 


A^Y 


8 


12 


4.5 


6.5 




U101 


Am2918 


Set-up 


5 


5 


5 


5 








Total 


242 


285 


205.5 


223 





Notes: 1. This path was calculated using an Am74S175 to drive the OEs of U8474 and U8475 from its Q and Q outputs simultaneously. 
2. This path was calculated using an Am74S151 to multiplex the LSB of the A, B addresses. 



THE MICROCODE 

The 56-bit wide microprogram was written and processed 
using AMDASM™/7S. AMDASM™ is very versatile and differ- 
ent approaches are possible. One way would be such that 
only variables are substituted in the Assembly Phase. The 
disadvantage of this scheme is that the variables must be en- 
tered in a predefined order. If there are a great number of var- 
iables (as would be expected in a 56-bit wide word), the 
counting of the commas, which are the variable delimiters, is 
a tedious task. This can lead to a wider margin for human er- 
ror. The other extreme is to use only definitions and no vari- 
ables. The disadvantage of this choice is that there can be no 
default values. Since a large percentage of the number of mi- 
croinstruction bits have control functions, the bits cannot be 
left at an arbitrary value. Thus, in the Assembly Phase, all mi- 
croprogram bits must be explicitly accounted for. 

Consequently, a scheme that is midway between the two ex- 
tremes was adopted. Several fields are defined in the Defini- 
tion Phase, each having a small number of variables, i.e., 
anywhere from two to four. These fields group the functional 
bits together, and each control bit has its default value such 
that when it is not defined in the Assembly Phase, the default 
value will be selected so as not to bring about an undesired 
function which can harm the program, the contents of the re- 
gisters, or the hardware. 

Appendix I is the print-out of the microprogram Definition 
File* The listing, containing many comments, is self- 
explanatory. Note that for the Control Bus bits, an all- 
definitions policy was adopted, thus assuring that no mutually 
exclusive bits can be active. At the end of the file there are 
some "wide-field" definitions. These join together, with vari- 
ables, some commonly-used definitions, allowing shorter as- 
sembly statements. 

A print-out of the assembly statements and the object code in 
an interleaved format is given in Appendix II. One can follow 
the various microinstructions either by studying the definitions 
and using the mnemonics, or by using the Bit Definition Table 
(Table 4) and the bit pattern of the object code. Some of the 
features of the microprogram will be described here. 

Locations 000 to 003: This is the Initialization Phase. It 
zeroes the PC, disables the interrupt, and loads constants into 
Registers 12 and 13. Executing microinstruction 3 causes the 
microprogram counter to be pushed onto the Am2909 
sequencers' stacks. The top of the stack then contains 004 16 , 
which is the Instruction Fetch routine location. Coming back to 
this routine is accomplished by referring to this stack (and 
without the use of the POP). 

Locations 004 to 005: This is the Instruction Fetch. Two 
steps are necessary. One is to latch the incoming instruction 
into the Instruction Register U12324 (Figure 4). This supplies 
the address for the Mapping PROM. The other step is to 
apply the data in the Mapping PROM to the address lines of 
the microprogram memory and latch this data in the Pipeline 
Register. 

Locations 00A to 013: These subroutines and handlers deal 
with the WAIT and HOLD states. Although it is easy to im- 
plement the WAIT state and HOLD state simulation by simply 
stopping the clock until READY goes HIGH or HOLD goes 
LOW, a software-oriented method was adopted here to dem- 
onstrate microcode subroutining. 

The three computer print-outs that are in Appendices I through Ml are also 
available via timesharing from Computer Sciences Corporation. At the be- 
ginning of each Appendix ts given the file name lor that respective print- 
out 



In every memory or I/O reference microinstruction, the status 
of the READY line is tested. If it is HIGH, the microprogram 
will continue. However, if it is LOW, the program must wait, 
keeping the Address Bus stable, until the READY line goes 
HIGH. This is easy to implement. For example, at Location 
004, the microprogram will repeat itself (NUM, $) until it 
senses a HIGH at the READY line (IF CR, . . . by default). 
Since the PC should point to the next address, the majority of 
the memory read or write microinstructions increment the PC, 
and at the same microinstruction. Repeating the same instruc- 
tion several times would cause the PC to continue endlessly. 
To prevent this, the MMR and MMW "wide-field" definitions 
cause the microcode to subroutine to MMRSB (Location 00D) 
or MMWSB (Location 00E). Here, the updated internal PC is 
repeatedly fetched from its registers until READY goes HIGH. 
This enables the Address Register to clock in the new PC and 
return from the subroutine. If the last step in executing a mac- 
roinstruction is a memory read or write, there will be no sub- 
routine call for READY=LOW. Instead, a jump will be per- 
formed to MMRF (Location 010) or MMWF (Location OOF), 
which ends with a file reference (as opposed to a return- 
from-subroutine). This will direct the microprogram to the In- 
struction Fetch routine (Location 004). Three more micro- 
instructions handle the cases where the Stack Pointer controls 
the System Address Bus (Locations 012 and 013). 

The HOLD line is checked in every microinstruction where a 
DMA cannot disturb the normal operation of the program (and 
where, of course, the condition code multiplexers are not oc- 
cupied by other tests). This treatment differs from that for the 
WAIT state in one respect. All of the data, address, and con- 
trol lines, with the exception of the HLDA control output, are 
put in the high impedance state. Location A serves as the 
subroutine and Location B ends with a file reference, but Lo- 
cation 00C can be accessed only by Location 005. 

Locations 014 through 15F contain the microprogram neces- 
sary to execute all of the Am9080A instructions. They can 
easily be recognized since mnemonics similar to theirs were 
used at the starting addresses. At the highest location of the 
microprogram memory (in this case, 3FF), a jump is written. 
This directs the program to the interrupt handler (Location 
084), which is a part of the HLT instruction. 

The software for the Mapping PROM was written using the 
free form capability of AMDASM™. After the microprogram 
was assembled, the entry addresses for the macroinstructions 
were extracted by printing out the cross-reference table. Since 
AMDASM™ provides consecutive addresses when assembling 
(which are identified by the "PC" values), the printout of the 
Am9080A instruction code values was easily generated. First 
of all, a simple definition file was written (Figure 6). It stated 
only that the Mapping PROM word width was twelve, equal to 
the maximum address width of the Microprogram Memory. 
Then, an Am9080A instruction list, in which the instructions 
were listed in the ascending order of the values of their op- 
code (starting with NOP and ending with RST 7) was used to 
create an Assembly File, using free-format statements. For 
each statement, the corresponding microprogram entry ad- 
dress was entered. Wherever an undefined Am9080A instruc- 
tion was encountered, a DON'T CARE (12X) word was writ- 
ten.** 



•♦Appendix III contains a print-out of the Mapping PROM assembly state- 
ments. However, the "holes" in the instruction set can still be of service 
in tnat the user may here insert hts owrHnsfrijctrons, eg to effect the 
microprogramming of multiplication and division. 
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TITLE 8 080EMULftTDR MftPPING PROM DEFINITIONS 

WDRD IS 

END 



Figure 6. Mapping PROM Definition File. 



Since all register reference instructions use the same micro- 
code, the AMDASM™ DUP statement was used to shorten 
the file. After the assembly is run, the output (Appendix III) 
lists the Am9080A instruction code as address and the appro- 
priate microprogram entry point as data. This data can be 
further processed by AMPROM™ to punch a paper tape to 
program the Am29761 PROM's. 



SUMMARY 

The particular design used in this application note is by no 
means a unique method to emulate the Am9080A/Am8228 
chip set. It is intended to serve as an example of such an 
emulation and, in doing so, to bring about some reduction in 
execution times. Variations are possible, both to alter the 
number of devices used and to reduce the number of cycles 
necessary to execute the instructions. Also, additional perfor- 
mance improvement can be achieved by adding architectural 
enhancements, such as overlap fetch of the next machine in- 
struction. 



Device 



PARTS LIST 



Description 



Qty. 



Am2901A Four-Bit Bipolar Microprocessor Slice 4 

Am2909 Microprogram Sequencer 3 

Am2918 Four-Bit Register with Standard and Three-State Outputs 2 

Am2920 Eight-Bit Register with Three-State Outputs and Clear and Enable 5 

Am2922 Eight-Input Multiplexer with Control Storage 2 

Am29751 32 x 8 PROM with Three-State Outputs 1 

Am29761 256 x 4 PROM with Three-State Outputs 3 

Am29773 512 x 8 PROM with Three-State Outputs 7 

Am25LS139 Dual One-of-Four Decoder/Demultiplexer 1 

Am25LS153 Dual Four-Input Multiplexer 2 

Am25LSl57 Quad Two-Input Multiplexer, Non-Inverting 10 

Am25LS257 Quad Two-Input Multiplexer with Three-State Outputs, Non- Inverting 2 

Am25LS374 Octal D-Register with Three-State Outputs 8 

Am25LS377 Octal D-Register with Common Enable 2 

Am82S62 Schottky Nine-Input Parity Checker/Generator 1 

74S08 Quad Two-Input AND Gate 2 

74LS02 Quad Two-Input NOR Gate 1 

74LS04 Hex Inverter 2 

74LS21 Dual Four-Input AND Gate 1_ 

Total 59 



APPENDIX I 

Microcode Definition File 
CSC File Name: AMDEF 
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TITLE 8080 EMULATOR DEFINITIONS »;REV C* 10-20-76) 
WORD 56 
T_ 
;alu RELATED FIELDS: 

ALU: DEF SINGLE -'DOUBLE* A ADDR* E ADDR* DEST 

ALU: DEF 38X* 1VB«0* 4VH-A* 4VH*A* 3VQ«1p 6X 

; DEFAULTS ARE: 
SINGLE* REG9*REG9*N0L0AD 

VARIABLES TD BE USED IN THE ABOVE FIELDS: 

FIRST VARIABLE: 
DOUBLE: EQU B"l 



; SECOND 


AND THIRD VARIABLES 


fi: 


EQU H"7 


B: 


EQU H«0 


C! 


EQU H^l 


n: 


EQU H-?£ 


E: 


EQU H«3 


H: 


EQU H"4 


L: 


EQU H^5 


SP: 


EQU H"8 


PC: 


EQU H"F 


n 

; FOURTH 


VARIABLE: 


FTOQ: 


EQU Q-0 


NOLOAB: 


EQU Qsfl 


FTOB.R: 


EQU Qs£ 


FTOB.F: 


EQU Q«3 


DROT.FQ 


: EQU Q"4 


DROT.F: 


EQU Q«5 


UROT.FQ 


: EQU Q«6 


URDT.F: 

• 


EQU Qx? 


;alu function field definit 


PLUS: 


DEF SOX* Q«0* 3X 


SUNIM: 


DEF SOX* Q«l* 3X 


MINUS: 


DEF SOX* Q"£* 3X 


OR: 


DEF SOX* Q"3* 3X 


AND : 


DEF SOX* Q"4* 3X 


NAND: 


DEF SOX* Q"5* 3X 


XDR: 


DEF SOX* Q"6* 3X 


NXOR: 


DEF SOX* Q«7* 3X 


;alu source field def initio 


AQ: 


DEF 53X* Q«0 


AB: 


DEF 53X* Q^l 


ZQ: 


DEF S3X* Q«2 


ZE: 


DEF 53X* Q"3 


ZA: 


DEF 53X* Q«4 


DA: 


DEF 53X* Q"S 


DQ: 


DEF 53X* Q«6 


DZ: 


DEF 53X* Q"7 



ALU RELATED CONTROL FIELDS' 

flLUC DEF RB ADDRESS* FLAGS UPDRTE^KEEPn SWAP <RDT> <- CN 



flLUC: DEF 34X» £VB::ll!i IVB^Oj 1VB«1> 18X 

; DEFAULTS ARE: KEEP* KEEP >NDSWAP* HIGH 

VARIABLES TD BE USED 

UPBTCY: EQU B«01 

UPDTFL: EQU B«10 

UPDTALL: EQU B^ 00 

SWAP: EQU B«l 

CML: EQU B**0 

;n d t e: when single is defined in alu's first variable 
; -swap'- will cause rdtatidn with cy shifted in; 
; and ndswap will cause wrap-around rdtatidn! 

;h and b address switch: 

BflSUl: DEF ££X> 1VB«0» IOXj lVB«0t ££X 

U: EQU B"l 

I-'D CUNTROLS: 

I DC: DEF DATA IN LATCH » DATA-BUS > £901 OUTPUT LATCH 

IDC: BEF 1VB«1» £8X» SVBsOO* £VB»00? £3X 

; VARIABLE FD THE FIRST FIELD* 
IN: EQU B*0 

■I 

SVARIABLES FDR THE SECOND FIELD: 
DL: EQU B«01 
DM: EQU BwlQ 
FLAGS: EQU B«ll 

J VARIABLES FDR THE THIRD FIELD: 
TD.D: EQU B«01 
TD.fl: EQU B-10 
TD.INTE: EQU B«ll 

CDNTRDL-BLIS FIELD DEFINITIONS 

NDC: DEF £3X, BsillllO* £7X 

MEMW: DEF £3Xp BftllllOOj £7X 

MEMR: DEF £3X> B«l 11010* £7X 

IDW: DEF £3X> BftllOHOn £7X 

IOR: DEF 23X» BslOlllO* £7X 

INTA: DEF £3X» Bs01U10» £7X 

HLDA: DEF £3X» Bsllllllf £7X 

■I 

JTEST SELECT* PDLARITY AND NEXT INSTRUCTION FIELDS: 

5 

JIF DEF NEXT INSTR., POL, TEST 

IF: DEF 14X, 3VQ«0> 1VB«1» 4VH«F»34X 

NEXT INSTRUCTION VARIABLES: 

; (FALSE. TRUE> 



C.R: 


EQU 


Q"0 


D.R: 


EQU 


Q« 1 


L- ■ iBK " 


EQU 


Q«e 


R.RTN: 


EQU 


Q«3 


F.SBR: 


EQU 


Q«4 


PDF. PR'S 


EQU 


Q^5 
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R.PUSH: EQU Q«6 
R.F: EQU Q«7 

c=cdntinue; r=register; d=direct<:map>; 
sbr=subroutine register; rtn=return from subroutine; 
f=file reference; push=push and continue 
pop=pop and continue; pr=pdp and branch register 

INV: EQU B«>0 

5 TEST VARIABLES: 
Z: EQU H"0 



CV: 


EQU H::l 


P: 


EQU H"£ 


S! 


EQU H«3 


AC: 


EQU H«4 


INT: 


EQU H"8 


READY: 


EQU H«9 


HOLD: 


EQU H«A 


F3: 


EQU H"C 


FO: 


EQU H:tfi 


CN.4: 


EQU H::E 



JTHE NUMERICAL FIELD IS 1£ BIT WIDE. THE 8 LS BITS CAN BE 
J USED FOR DIRECT DATA BY LETTING THE FIRST VARIABLE TO 'DBUS 

•l 

5 NUN DEF DBf NUMBER IN HEX A. 

MUM: DEF 1X> 1VB«1» 1£V^H«0O0j 42X 



; VARIABLE 


TD BE USED: 




DBUS: 




EQU B*0 




;uide 


FIELD DEFINITIONS: 




MMR: 




DEF IX? B«l> 1£D«135£j Q«S? B«0* H«9* 


IX j Q«7Sj £7X 


MMW: 




DEF IX* B«l> lSD«14Xf QttSsi B«0p H^9«p 


IX, QS574P £7X 


HLD: 




DEF 1X« B«l* 12DttlO*:> Q«£? B"l, H"A> 


1X» Q"76, £7X 


INCPC: 




DEF B"l> £1X* B«0p 6X* B«001 001 1 01 1 > 


H~FF*Q"304 


FMMR: 




DEF Ball* 12V5£p H- 0976 ? H«0C551» 6X 




FMMW: 




DEF B«ll» 1SV5£p H«0979p H«0C551> 6X 




NflLU: 


DEF ££X? B«0* 10X* B^O, H«D* B«0p H«AAj 


Q«lf 6X 


END 








END 
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APPENDIX II 

Microcode Source Code and Object Code Output 
In Interleaved Format CSC File Name: AM80O 



Note: A listing of the Source Code (Assembly File) only may be obtained using CSC File 
Name AMASSY. 
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EMULRTOR ASSEMBLY (MRRCH 1977> 
07-- 06^77 

PC SOURCE RND/OR OBJECT CODE. X = DON'T CRRE 

0000 5INITIRLIZRTIDN: 

0000 RESETS RLU DOUBLE? PC? PC? FTDB, F 8: RND 8, ZR 8c RLUC & BflSU 8c 

.--IOC?!. TO- INTE & IF? INV? 8c MUM DBUS?H*38 8c HOC 

0000 1000000011100000 0011110111110001 1011011111111110 11100100 

0001 RLU? ?H"B?FTOB.F & OR 8-: DZ 8: RLUC & BRSW 8c IOC & 
,-NOC 8c IF?INV 8< NUM 

0001 1100000000000000 0011110111110000 0011010101011010 11011111 

00 OS RLU? ?H-C, FTDB. F 8, RND 8, ZR 8, RLUC Sc BRSW 8, IOC 8c 

.-■NDC 8c IF? INV 8< MUM 

0002 1100000000000000 0011110111110000 0011010101011000 11100100 

003 RLU???FTDB.F 8, RMD 8, ZR 8-: RLUC 8, BRSW & IOC?? TO. R 8= 

-•NDC 8c IF R.PUSH 8c HUM 

0003 1100000000000011 0111110111110001 0011010101010100 11100100 

0004 FETCH: RLU DOUBLE? PC? PC? FTDB. F 8c OR 8e ZR Sc RLUC 8, BRSW 8c 

.■-IDC IN??TD.R 8, MEMR 8, IF ?INV?RERDY 8c MUM? $ 

0004 0100000000010000 0010010111010001 0011011111111110 11011100 

0005 INCPC 8c IF D.R? ? HOLD 8< MUM?HLDD 8c NDC 

0005 1100000000110000 1110100111110001 0011011111111110 11000100 

? 

00 00 ?HOLD RND MEMORY REFERENCE SUBROUTINES RND HRNDLERS: 

? 

00 00 ORG 10 

OR HLDSE: NRLU & IOC 8, HLDR 8, IF R.RTN? INV? HOLD 8c NUM? * 
000R 1100000000101001 1010100111111000 0011010101010100 G1XXXXXX 

000B HLDFs NRLU 8c IDC 8, HLDR 8c IF R- F? INV? HOLD 8, NUM? $ 
000B 1100000000101111 1010100111111000 0011010101010100 01XXXXXX 

00C HLDD: NRLU 8c IDC 8c HLDR 8c IF D.R?? HOLD 8c NUM? $ 
000C 1100000000110000 1110100111111000 0011010101010100 01XXXXXX 

000D MMRSB: RLU DOUBLE? PC? PC? FTOB. F 8c OR 8, ZR & IDC??TO.R 8c 

••RLUC 8.: MEMR & IF R.RTN? • RERDY 8c NUM ? $ 8, BRSW 
000D 1100000000110101 1110010111010001 0011011111111110 11011100 

000E MMWSE: RLU DOUBLE? PC? PC? FTDB. F & DR 8- : ZR 8c RLUC 8c 

•-■IDC? DH? TO.R 8, NUM ? $ 8, IF R.RTN?? RERDY 8, BRSW 8v ME 
MW 

000E 1100000000111001 1110010111100101 0011011111111110 11011100 

OF MMWF: RLU DOUBLE? PC? PC? FTDB. F 8, DR 8, ZR 8c RLUC 8c BRSW 8, 

,*MEMW 8c IF R.F?? RERDY & IOC? DH?TD.R 8, NUM? $ 
000F 1100000000111111 1110010111100101 0011011111111110 11011100 

n ri 1 n MMDP" Cil II Tim lt«J CC-r. Di". CTnTS E" ft n& ft, y"£i ft. ftl III" ft. P£l'~iii ft. MFMp ft. 
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PC SOURCE AND'OR DBJECT CODE. X = DON'T CARE 

.-'IDC? ? TO. A & IF R.F ?? READY 8c NUM ? S 

0010 1100000001000011 1110010111010001 0011011111111110 11011100 

0011 MMRSP: ALU DDUBLE? SP? SP? FTOB. F & DR 8c 2A 8c IOCppTD.A 8c BASW 8c 

.•"ALUC 8c MEMR 8: IF R.RTN??READY 8: NUM? S 

0011 1100000001000101 1110010111010001 0011011100010000 11011100 

0012 MMWSPH: ALU DOUBLE ? SP? SFSFTDB. F 8c DR 8: ZA 8: ALUC 8, BASW 8c 

.-"IOC? DH? TO. A 8c MEMW 8: IF R.RTN?? READY & NUM? $ 

0012 1100000001001001 1110010111100101 0011011100010000 11011100 

0013 MMWSPL: ALU DOUBLE? SP? SP?FTOB. F 8: DR 8: ZA 8c ALUC 8c BASW 8: 

.■-IDC?DL?TD.A 8, MEMW 8c IF R.RTN?? READY 8c NUM? $ 

0013 1100000001001101 1110010111100011 0011011100010000 11011100 

0000 ; 

0000 ; MACROCODES: 
0000 ; 

0014 MOVRR: ALU* ? ?FTDB. F 8c ALUC 8c BASW SWpSW 8= DR & ZA 8c IDC 8: 

-IF R.F? INV? HOLD 8c NUM? HLDF 8c NDC 

0014 11000000001 Oil 11 1010101111110000 0111010101010100 11011100 

0015 MDVMR: ALU DOUBLE ? H 8c ALUC 8c DR 8c ZA 8c BASW 8, IOC** TO. A 8: HLD 

0015 1100000000101001 0110100111110001 0011011010010100 01011100 

0016 ALU 8c OR 8, ZA & BASW? SW 8: ALUC 8, IOC?-. TO. D 8c HLD 

0016 1100000000101001 0110100111110000 1111010101010100 01011100 

0017 ALU DOUBLE? PC? PC?FTOB.F 8, ALUC 8c OR 8c ZA 8c BASW 8c 
.-MEMW 8, IF R.F* * READY 8c MUM? * & IOC? DH? TO. A 

0017 1100000001011111 1110010111100101 0011011111111110 11011100 

0018 MDVRM: ALU DOUBLE? H 8< ALUC 8< OR 8c ZA 8c BASW 8c IDC??TD.A 8c HLD 

001S 1100000000101001 0110100111110001 0011011010010100 01011100 

0019 ALU DOUBLE? PC? PC? FTDB.F 8c OR 8c ZA 8c ALUC 8c BASW & MMR 8c 

••■IOC?? TO. A 
0019 1100000000110101 0010010111010001 0011011111111110 11011100 

001 A ALU??!. FTDB.F 8c DR 8, DZ 8, BASW SW 8: ALUC 8c IDC 8c 

.-NDC 8c IF R.F? INV? HDLD 8c NUM? HLDF 
001A 1100000000101111 1010101111110000 0011010101010100 11011111 

001 E MVIR: INCPC 8, MMR 

001B 1100000000110101 0010010111010001 0011011111111110 11000100 

00 1C ALU??? FTDB.F 8, DR 8: DZ 8, ALUC 8: BASW SW 8c IOC 

-•" 8c NDC 8c IF R.F? INV? HDLD 8c NUM? HLDF 
001C 1100000000101111 1010101111110000 0011010101010100 11011111 

00 ID NflLU 

1 D XXXXXXXXXXXXXXXX XXXXXX OXXXXXXXXX X 11010101 1 1 1 xxxxxx 

00 IE MVIM: NALU 8: MMR 8= IDC 
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PC SOURCE fimVQR OBJECT CODE. X = DON'T CfiRE 

001E 1100000000110101 0010010111010000 0011010101010100 01XXXXXX 

001F ALU* **FTOB.F 8« BASW 8e OR 8c DZ 8c RLUC & IDC **TO.B & HLD 

001F 1100000000101001 0110100111110000 1011010101010100 11011111 

00£0 ALU DOUBLE *H & OR 8c ZA 8< fiLUC & BflSW & IOC** TO. A & HLD 

0020 1100000000101001 01 10100111110001 0011011010010100 01011100 

0021 ALU DOUBLE* PC* PC* FTOE.F 8c PLUS 8c Zft & ftLUC & BflSW 8, 
•MEMW 8c IF R.F** READY 8c NUM* MMWF 8c IOC*DH*TD.A 

0OS1 1100000000111111 1110010111100101 0011011111111110 11000100 

00££ LXIBs IHCPC 8< MMR 

0022 1100000000110101 0010010111010001 0011011111111110 11000100 

0023 ALU**C*FTOB.F 8, OR 8c DZ 8c ALUC 8c BflSW 8c HLD & IDC 

0023 1100000000101001 0110100111110000 0011010101000010 11011111 

0024 INCPC 8c MMR 

0024 1100000000110101 0010010111010001 0011011111111110 11000100 

0025 ALU* *B*FTDB.F* 8c DR & DZ 8c flLUC 8c BflSW 8c NOC 8c 
-IF R.F* INV*HOLB 8-: NUM*HLDF 8c IOC 

0025 1100000000101111 1010100111110000 0011010101000000 11011111 

0026 LDfl: INCPC & MMR 

0026 1100000000110101 0010010111010001 0011011111111110 11000100 

0027 ALU DOUBLE** J FTDB.F 8c DR 8c DZ 8c ALUC 8c BASW & HLD & IDC 

0027 1100000000101001 0110100111110000 0011011101010100 11011111 

0028 INCPC 8, MMR 

002S 1100000000110101 0010010111010001 0011011111111110 11000100 

0029 ALLI***FTDB.F 8c OR 8c DZ 8, ALUC 8c BASW 8c HLD & IDC 

0029 1100000000101001 0110100111110000 001 101 01 01 01 01 00 11011111 

002A ALU DOUBLE** 8, DR & Zfl & ALUC 8c BASW & IDC** TO- A 8c HLD 

002A 1100000000101001 0110100111110001 0011011101010100 01011100 

002B ALU BDUBLE*PC*PC*FTOB.F 8< OR 8c ZA 8c ALUC 8c BASW & 

.■■'IDC** TO. A 8, MMR 
002B 1100000000110101 0010010111010001 0011011111111110 11011100 

002C ALU*A*A*FTDB.F £ OR 8c DZ 8= ALUC & BASW 8c IOC 8c 

.-"NOC 8, IF R.F*INV*HOLB 8c NUM* HLDF 
002C 1100000000101111 1010100111110000 0011010011101110 11011111 

002D ST A: INCPC 8, MMR 

002D 1100000000110101 0010010111010001 00110111 111111 10 11000100 

002E ALU DOUBLE* **FTDB.F 8, DR 8c DZ & ALUC 8, BASW 8c IDC 8c HLD 

002E 1100000000101001 0110100111110000 0011011101010100 11011111 

002F INCPC 8, MMR 

002F 1100000000110101 0010010111010001 0011011111111110 11000100 

0030 ALU***FTDB-F & OR & DZ 8, ALUC 8, BASW 8, IOC 8, HLD 

0030 1100000000101001 0110100111110000 0011010101010100 11011111 

0031 ALU DOUBLE? * *FTDB= F 8- : DR & 7fl 8: ALUC X BASW 8* IDC- * TO. A 8: 
/HLD 
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PC SOURCE AND-- OR DEJECT CODE. X = DON'T CRRE 

0031 11 0101 1 Oil 10011111 1 11011101 10100 110111 

0032 ALUsA*RsFTDE.F Se OR Sc Zfi & HLUC Sc BASW 8c IOCi-iTO-D & HLD 

0032 1100000000101001 0110100111110000 1011010011101110 11011100 

0033 ALU DOUBLEsPCsPCsFTDB.F & OR & ZR & ALUC 8* BHSW 8e 
-•IOCsDHsTO.A 8= MEMW & IF R.Fjs READY & MUM-. MMWF 

0033 1100000000111111 1110010111100101 0011011111111110 11011100 

0034 RDDRs ALUs ? As FTOB. F & PLUS & RB & EASWsSW & flLUC UPDTALL* ?CNL 

Sc/IOC 8c NOC 8c IF R.FsINVsHOLD 8, NUMsHLDF 

0034 1100000000101111 1010100111110000 0100000101001110 11000001 

0035 HDDM: ALU DOUBLE *H 8, OR 8, ZR 8-: ALUC 8, BASW Sc IDC?!! TO -A 8, HLD 

0035 1100000000101001 0110100111110001 0011011010010100 01011100 

0036 ADDMl: ALU DOUBLE? PC? PCs FTOB. F 8cOR 8, ZA 8< ALUC 8c BASW 8, 

-■IDC ■ sTD.A S: MMR 

0036 1100000000110101 0010010111010001 0011011 1111111 10 11011100 

0037 ALUsAsAsFTOE.F Se PLUS Sc DA 8, ALUC UPDTALL ssCNL & 
-BASW 8, IOC 8, NOC Sc IF R.FsINVsHOLD 8c NUMs HLDF 

0037 1100000000101111 1010100111110000 0000000011101110 11000101 

0038 AD I: INCPC 8c MMR 

0038 1 1 00 00 01 1 1 01 00 1 0010 111010 00 1 001 1 01 1 11 1 1 .1 1 11 1 1 000 1 00 

0039 ALUsAsAsFTOB.F 8-: PLUS & DA 8- : ALUC UPDTALL* sCNL 8c 
.-BASW 8-: IOC 8c NOC Se IF R.FsINVsHOLD 8c NUMsHLDF 

0039 1100000000101111 1010100111110000 0000000011101110 11000101 

003A ADCR: NALU Sc IDC Sc HOC 8, IFsINVsCY 8< NUMsADDR 

003A 1100000011010000 0000010111110000 0011010101010100 G1XXXXXX 

003B ALU:, j A? FTOB. F 8, PLUS 8: AB Sc EASWsSW 8x ALUC UPDTALL 8, 

--IDC 8c NOC 8< IF R.FsINVsHOLD 8c NUMsHLDF 
003B 1100000000101111 1010100111110000 0100010101001110 11000001 

003C ADCM: ALU DOUBLE j>H 8-: OR & ZA 8c ALUC Sc BASW Sc IOC* * TO. A 8c 

•NOC 8c IFsINVnCY 8c NUMsADDMl 
003C 1100000011011000 0000010111110001 0011011010010100 01011100 

003D ALU DOUBLE sPCs PCs FTDB. F 8c OR & ZA 8c ALUC 8, BASW 8c 

•••IOC-. sTO.A 8c MMR 
003D 1100000000110101 0010010111010001 0011011111111110 11011100 

003E ALUs As As FTOB. F Sc PLUS & DA Sc ALUC UPDTALL & BASW 8c 

•■'IOC Sc NOC S: IF R.FsINVsHOLD Sc NUMsHLDF 
003E 1100000000101111 1010100111110000 0000010011101110 11000101 

003F ACI: NALU Sc IDC 8c NOC & IFsINVsCY Sc NUM--ADI 

003F 1100000011100000 0000010111110000 0011010101010100 01XXXXXX 



0040 INCPC t. MMR 

0040 1100000000110101 0010010111010001 0011011111111110 11000100 
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PC SOURCE fiND'DR DEJECT CODE- X = DON'T CARE 

13041 FlLUpfi*fipFTDB.F fc PLUS & Dfl & flLUC UPDTfiLL & BASW & 

-IDC & NDC fc IF R.FhINVpHDLD & NUM*HLDF 

0041 1100000000101111 1010100111110000 0000010011101110 11000101 

004S JMP: IMCPC & MMR 

0042 1100000000110101 0010010111010001 0011011111111110 11000100 

0043 ALU DOUBLE* * >FTDB.F & DR & DZ Sc ALUC & BASW fc 
•••IOC & HLD 

0043 1100000000101001 0110100111110000 0011011101010100 11011111 

0044 INCPC & MMR 

0044 1100000000110101 0010010111010001 0011011111111110 11000100 

0045 ALU? • nFTOB.F & DR & DZ & ALUC & BRSW 8< IDC & HLD 

0045 1100000000101001 0110100111110000 0011010101010100 11011111 

0046 ALU DOUBLE j *PC*FTDB. A & DR & ZA & ALUC 8c BfiSW & IOCpjTO.H & 

-• NDC & IF R.F* INVpHOLD & NUM*HLDF 

0046 1100000000101111 1010100111110001 0011011101011110 10011100 

0047 CALL: INCPC & MMR 

0047 1100000000110101 0010010111010001 0011011111111110 11000100 

0048 ALU DOUBLE* * *FTDB.F 8c OR & DZ 8, ALUC 8c BASW 8c IDC 8c 
.-HLD 

0048 1100000000101001 0110100111110000 0011011101010100 11011111 

0049 INCPC 8, MMR 

0049 1100000000110101 0010010111010001 0011011111111110 11000100 

004A HLUj^FTDB.F 8c DR 8< DZ 8c ALUC 8; BASW 8, IDC 8c HLD 

004A 1100000000101001 0110100111110000 0011010101010100 11011111 

004B ALU DOUBLE* SP*SP*FTOB.F 8-: SUNIM 8e ZA 8c fiLUC*>CNL 8c 

--BASW 8c IOCjuTD.fi 8c HLD 
004B 1100000000101001 0110100111110001 001 10-01 10001 0000 11001100 

004C ALU DOUBLE* PC 8, DR 8, ZA 8c ALUC 8: BASW 8, IDC;.* TO. D 8c HLD 

004C 1100000000101001 0110100111110000 1011011111110100 01011100 

004D ALU DOUBLE* SPpSPjFTOB.F 8.: SUNIM 8c ZA 8c ALUC**CNL 8: 

••IDC^DH* TD.fi 8c BfiSW 8c MEMW 8, IF C. SBR* INV* REfiDY 8, 
/'NUM. MMWSPH 

004D 1100000001001001 0010010111100101 0011001100010000 11001100 

004E ALU DDUBLE* pPC*FTOB.F & OR 8c ZA & ALUC & BASW 8c 

.'■IOODLpTO.fi 8c MEMW 8c IF R.F** REfiDY 8-: MUM? S 
004E 1100000100111011 1110010111100011 0011011101011110 11011100 

004F NALU 

04F XXXXXXXXXXXXXXXX XXXXXX OXXXXXXXXX X 110101010101 1 XXXXXX 

0050 RET: ALU DOUBLEpSPnSPs.FTDB.fi 8< PLUS 8c Zfi 8c BfiSW & ALUC & 

.-IDC * nTD.fi Be NDC 8, IF C.SBR 8= NUM*MMRSP 

0050 1100000001000101 0111110111110001 0011011100010000 10000100 
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PC SOURCE flND-'DR DEJECT CDDE. X = DDN'T CARE 

0051 ALU DOUBLE* PC j PC jFTOB.F & DR & DZ & BRSW & RLUC & 

.''IDC & HLD 

0051 1100000000101001 0110100111110000 0011011111111110 11011111 

0052 ALU DOUBLEjSPjSPjFTDB.A & PLUS & Zfi & BRSW & fiLUC & 
.'IDCjjTD.fi & MEMR & IF C. SBRj INVjREADY & NUMjMMRSP 

0052 1100000001000101 0010010111010001 0011011100010000 10000100 

0053 ALUjPCjPCjFTOB.F & DR & BZ & fiLUC & BASW & IDC & HLD 

0053 1100000000101001 01 1 01 001 1 1 1 1 0000 0011010111111110 11011111 

0054 ALU DDUBLEjPCjPCj & DR & Zfi & fiLUC & BfiSW & IDCjjTD.A & 
•■'NDC & IF R.Fj INVjHDLD & HUM* HLBF 

0054 1100000000101111 1 01 01 001 1 1 1 1 0001 001 1 01 1 1 1 1 1 1 1 1 1 01011100 

0055 RST: fiLU BDUBLEj HsCj jFTDB.F & FIND & Bfi & fiLUC & BfiSW & 

•■■'IDC & HLD 

0055 1100000000101001 0110100111110000 0011011110010100 11100101 

0056 RSTl: fiLU BDUBLEj PC & DR & Zfi & fiLUC fc BfiSW & IDCjjTD.B & HLB 

0056 1100000000101001 0110100111110000 1011 Oil 1111101 00 01011100 

0057 fiLU DDUBLEjSPjSPjFTDB.F & SUNIM 8, Zfi & fiLUC jjCNL & 
•••BfiSW & IDCjjTD.fi & MDC & IF C.SBR & NUMj MMWSPH 

0057 1100000001001001 0111110111110001 0011001100010000 11001100 

0058 fiLU BDUBLEj SPjSPjFTOB.F & SUNIM & Zfi & ALUCjjCNL & 
.-'BfiSW & IDCjjTD.fi & HLD 

0058 1100000000101001 0110100111110001 0011001100010000 11001100 

0059 fiLU BDUBLEj jPCjFTDB.F & Zfi & DR & fiLUC & BfiSW & MEMW & 

--IDCj DLjTD.fi & IF R.Fjj READY & NUMj $ 
0059 1100000101100111 1110010111100011 0011011101011110 11011100 

005fi RLC: fiLUjfijfij URDT. F & DR & Zfi & BfiSW & IDC & 

■'fiLUC UPDTCY & HLD 
005fi 1100000000101001 Oil 01 001 11 11 0000 0001010011101111 11011100 

005B RLCl: NfiLLI & IDC & NDC & IF R.FjINVjF3 & NUMjSTC 

005B 1100001001110011 1011000111110000 0011010101010100 01XXXXXX 

005C fiLU & DR & fiLUC UPDTCY & BfiSW & IDC & 

•-NDC & IF R.FjINVjHDLD & NUMjHLDF 
005C 1100000000101111 1010100111110000 0001010101010100 01011XXX 

005D RRC: fiLUjfijfi»DRDT. F & DR & Zfi & BfiSW & IDC & FILUC UPDTCY & 

•■-HLD 
005D 1100000000101001 0110100111110000 0001010011101111 01011100 

005E fiLLIjfi & DR & Zfi & BfiSW & IDC & fiLUC & NDC & IF & NUMjRL 

SI 

005E 1100000101101100 0111110111110000 0011010011110100 01011100 

905F RAL: ALtUfij AjURGT.F & DR & ZA & BfiSW & IDC & ALUC UPDTCY. SWAP 

•i< 
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PC SDLIRCE AND-'DR DEJECT CODE. X = DON'T CARE 

-•■HDC 8* IF %. NUM*RLC1 * 

005F 1100000101101100 0111110111110000 0001110011101111 11011100 

0060 RRR: ALU* A* A*DROT. F 8c DR Sc ZA Se BASW Sc IDC & RLUC & HLD 

0060 1100000000101001 0110100111110000 0011010011101111 01011100 

0061 ALU>A*A*UROT.F & DR Se ZR 8c BASW & IDC Sc RLUC 8c HLD 

0061 1100000000101001 0110100111110000 0011010011101111 11011100 

0062 ALUjA*A*DRDT.F & DR 8c ZR 8, BHSW 8c IDC 8, RLUC UPDTCY* 
.-•SWAP 8c NDC & IF R.F*INV*F3 & NUMpSTC 

006£ 1100001001110011 1 01 1 0001 1 1 1 1 0000 0001 1 1 001 1 1 01 1 1 1 01011100 

0063 ALU Sc DR S< RLUC UPDTCY 8c BASW 8, IDC Sc NDC 8, 
.-IF R.F*INV*HDLB Sc NUM*HLBF 

0063 1100000000101111 1010100111110000 0001010101010100 01011XXX 

0064 PUSHRP: RLU DOUBLE 8c DR 8c ZB 8c RLUC 8c IOC**TD.D & BHSW SU 8, HLD 

0064 1100000000101001 0110101111110000 1011011101010100 01011011 

0065 RLU DOUBLE* SP*SP*FTDB.F 8c SUNIM 8c ZR 8c RLUC^CNL Sc 
.■•IDC**TD.A 8-: BflSW 8c HLD 

0065 1100000000101001 0110100111110001 0011001100010000 11001100 

0066 ALU DOUBLE* SP*SP* FTOE.F 8c SUNIM 8c ZA & ALUC**CNL 8, 
■/BflSW 8-: IOC* BH* TO. A 8c MEMW & IF C. SBR* INV* READY 8-: 
/■NUMjMMWSPH 

0066 1100000001001001 0010010111100101 001 10011 0001 0000 11001100 

0067 ALU DOUBLE* PC* PC* FTOE.F & DR & ZA & RLUC 8c BRSW 8< 
-•"IDCi.BLjTa.fl 8c MEMW 8c IF R.F**REflDY 8, NUM* S 

0067 1100000110011111 1110010111100011 0011011111111110 11011100 

0068 PUSHPSW: ALU*fl 8c DR 8c ZA 8c ALUC & IDCi-.TD.D & BASW Sc HLD 
006S 1100000000101001 0110100111110000 1011010011110100 01011100 

0069 ALU DOUBLE* SP*SP* FTOE.F 8c SUNIM 8c ZA & flLUCi»CNL Sc 
••BASW Sc IOC** TO. A 8-: NDC 8c IF C.SBR 8c NUM*MMWSPH 

0069 1100000001001001 0111110111110001 0011001100010000 11001100 

006 A NALU 8, I DC* FLAGS S. MEMW Se IF* I NV* READY 8c NUM*S 

006A 1100000110101000 0010010111100110 0011010101010100 01XXXXXX 

006B ALU DDUBLE*SP-.SP*FTOB.F & SUNIM Sc ZA Sc ALUC^CNL & BASW 

8,,-" I DC Sc HLD 
006B 1 1 000000001 01 001 01 1 01 001 1111 0000 001 1 001 1 0001 0000 1 1 001 1 00 

006C ALU DOUBLE* PC* PC* FTOE.F 8e DR 8c ZA 8, ALUC 8, BASW & IDC**T 

0'. A So- NDC 8c IF R.F* INV*HDLD Sc NUM*HLDF 
006C 1100000000101111 1010100111110001 0011011111111110 11011100 

006D INXB: ALU DOUBLE* * B* FTDB, F 8: PLUS & ZB & ALUC 8, BASW Sc IDC & H 
LD 

006D 1100000000101001 0110100111110000 0011011101000000 11000011 
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PC SOURCE ANB/DR OBJECT CDDE. X = DON'T CARE 

006E ALU DOUBLE* B* OFTDB.fi 8< OR 8c BZ 8c ALUC *■ SWAP 8c BRSU & 

.••IDC & NDC & IF R.F*INV*HDLD 8< NUM*HLDF 
006E 1100000000101111 1010100111110000 0011111000000010 10011111 

006F DCXBs ALU DOUBLE** B* FTOB. F & SUNIM 8c ZB & ALUC**CNL 8c 

/BASW ?•: IDC & HLD 
006F 1100000000101001 0110100111110000 0011001101000000 11001011 

0070 ALU DDUBLEpBfC»FTaB.fi & DR & DZ & ALUC* SWAP «c IDC & 

/NDC 8c IF R.F*INV*HDLD 8e NUM*HLDF 

0070 1100000000101111 101010X111110000 0X11111000000010 10011111 

0071 DAD.B: ALU DOUBLE* B* H*FTOB. F 8c PLUS & AB & ALUC UPDTCY**CNL & I 

DC &-EASW 8c HLD 

0071 1100000000101001 0110100111110000 0001001000001000 11000001 

0072 DADl: ALU DOUBLE* H*L *FTDB. A 8c OR 8. DZ 8c ALUC * SWAP 8c BASW & 

■IDC 8, NDC 8, IF R. F* INV*HOLD 8c NUM*HLDF 

0072 1100000000101111 1010100111110000 0011111010001010 10011111 

0073 DAD.D: ALU DOUBLE* D*H* FTOB. F & PLUS 8, AB & ALUC UPDTCY**CNL 8-: I 

DC & /BASW 8c NDC & IF fe NUN? DADl 

0073 1100000111001000 0111110111110000 0001001001001000 11000001 

0074 BAD.H: ALU DOUBLE* H* H* FTOB. F & PLUS & AB & ALUC UPDTCY**CNL 8c I 

DC & /BRSU 8< NDC 8c IF 8, NUM*DAD1 

0074 1100000111001000 0111110111*110000 0001001010001000 11000001 

0075 DAD.SP: ALU DOUBLE* SP* H*FTOB. F & PLUS 8c AB 8c ALUC UPDTCY**CNL Sc 

IDC 8c /BASW 8-r NDC 8, IF 8c NUM*DAD1 

0075 1100000111001000 0111110111110000 0001001100001000 11000001 

0076 CMPR: ALU** A* 8c BASW*SW 8.: AB 8c SUNIM 8c ALUC UPDTALL 8c IDC & 

/NDC 8- : IF R.F*INV*HDLD 8c NUM*HLDF 

0076 1100000000101111 1010100111110000 0100010101001110 01001001 

0077 CPI: INCPC 8c MMR 

0077 1100000000110101 0010010111010001 0011011111111110 11000100 

0078 ALU* A & BASW 8, DA 8c SUNIM 8c ALUC UPDTALL & IDC & 
/NDC 8c IF R.F*INV*HDLD 8c NUM*HLDF 

0078 1100000000101111 1010100111110000 0000010011110100 01001101 

0079 CMPMs ALU DOUBLE* H 8, DR fc ZA 8, IDC** TO. A & BASW & ALUC 8, HLD 
0079 1100000000101001 0110100111110001 0011011010010100 01011100 

007A ALU DOUBLE* PC 8c DR 8c ZR 8, IDC** TO. R 8c BASW 8, ALUC 8c MMR 

007A 1100000000110101 0010010111010001 0011011111110100 01011100 

007B ALU* A 8, BASW 8, DA 8c SUNIM 8= ALUC UPDTALL 8c IDC ,8, 
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PC SOURCE ANB^DR DEJECT CODE- X = DON'T CfiRE 

•-HOC & IF R.F* INVjHOLD 8< NUMjHLDF 
007B 1100000000101111 1010100111110000 0000010011110100 01001101 

iWC POP.E: RLU DOUBLEjSPjSPjFTOE.fi 8c OR 8< Zfi 8: HLUC 8c BASW 8c 

.'IOC** TO. A 8: NDC & IF C.SBR^HOLD 8c NUMjHLDSB 
007C 1100000000101001 0110100111110001 0011011100010000 10011100 

fin?D ALU DOUBLE* SPpSP* FTOB.F 8< PLUS & Zfi & fiLUC 8c BHSW & 

• IDC»* TO.fi & MEMR 8c IF C. SBR* INV* READY 8c NUMjMMRSP 
007D 1100000001000101 0010010111010001 0011011100010000 11000100 

007E ALU* pC* FTOB.F 8c OR 8c DZ 8c fiLUC 8, IOC & BflSW 8: HLD 

007E 1100000000101001 0110100111110000 0011010101000010 11011111 

IWF ALU DOUBLE? SPp SP p FTOB.F 8: PLUS8,- Zfl 8c fiLUC 8: BflSW 8c 

.■'IOCppTO.A 8c MEMR 8c IF C. SBRp INVpREADY 8c NUMpMMRSP 
007F 1100000001000101 0010010111010001 0011011100010000 11000100 

0030 ALU p >Bi FTOB.F 8c OR 8c DZ 8: ALUC 8, IOC 8: BASW 8c HLD 

0080 1100000000101001 0110100111110000 0011010101000000 11011111 

0081 ALU DOUBLE p PC 8, OR 8c ZA 8: ALUC 8: IOC? p TO. fl 8: BflSW 8c 
-"NDC 8c IF R.FpINVpHOLD 8c NUMpHLDF 

0081 1100000000101111 1010100111110001 0011011111110100 01011100 

0082 HLT: NftLU 8c IOC ? & HLD 

0082 1100000000101001 0110100111110000 0011010101010100 01XXXXXX 

0083 NALU 8. IOC 8: HOC 8: IF pINVpINT 8: NUMpHLT 

0083 1100001000001000 0010000111110000 0011010101010100 01XXXXXX 

0034 INTHNDL: NflLU 8c IDC 8c INTfl 8c IF* INV 8: MUM 

0084 1100000000000000 0011110011110000 0011010101010100 01XXXXXX 

0035 NflLU 8c IOC 8: INTfl 8c IF 8c NUMpRSTI 

0085 1100000101011000 0111110011110000 0011010101010100 01XXXXXX 

0086 NOP: NflLU 8c IOC Be IF R.F*INVpHOLD Be NUM-HLDF 8* NDC 

0086 1100000000101111 1010100111110000 0011010101010100 01XXXXXX 

0087 IN. : INCPC 8c MMR 

0087 1100000000110101 0010010111010001 0011011111111110 11000100 

0088 ALU 8: OR 8: DZ 8c ALUC 8c IOCppTD.A 8c BASW & HLD 
0038 1100000000101001 0110100111110001 0011010101010100 01011111 

0089 ALU DOUBLE i PC Sc OR 8: ZA 8c BASW 8c ALUC 8c IOCppTD.A 8c 
--IOR 8c IF? INVpREADY 8c NUMpS 

0089 1100001000100100 0010010101110001 0011011111110100 01011100 

008fl ALUppAp FTDB.F 8: OR 8c DZ si fiLUC 8c IOC 8c BflSW 8c NDC 8c 

.--IF R.FpINVpHDLD 8c NUMpHLDF 
008A 1100000000101111 1010100111110000 0011010101001110 11011111 

008B OUT.: ALUpA 8c OR 8c Zfi 8c IDCppTD.D 8c BASW 8c ALUC 8c HLD 
003E 1100000000101001 0110100111110000 1011010011110100 01011100 

008C INCPC 8c MMR 

008C 1100000000110101 OOiooioiMOlOOni 0011011111111110 11000100 
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PC SOURCE AND^OR OBJECT CODE. X = DON'T CARE 

OOSD fiLU & OR & DZ 8: HLUC & IDC** TO. A & EASW & HLD 

008B 1100000000101001 0110100111110001 0011010101010100 01011111 

OOSE ALU DOUBLE* PC 8: DR & Zfl & BflSW & flLUC i IOC* DH* TO. A & 

.-■IOW & IF R.F** READY 8c NUM*S 

oose ii ooooi oooi ii on ii iooi oi ioi ioi oi ooiioiiiiiiioioo 01011100 

OOSF El: ALU*H^C & NXOR 8c Zfl 8, IOC**TO.INTE 8c BflSW 8c flLUC 8, 

-'NOC 8c IF R.F*INV*HOLD 8, NUM*HLDF 
OOSF 11000000001 Oil 11 1010100111110001 1011010110010100 01111100 

0090 Dl: ALU 8c AND 8c ZA 8< IDC**TO.INTE 8c BASW 8: ALUC 8c NDC 8c 
-IF R.F* INV* HOLD 8e NUM*HLDF 

0090 1100000000101111 1010100111110001 1011010101010100 01100100 

0091 SPHL: ALU DOUBLE*H* SP* FTDB. F 8c OR 8c ZA 8: ALUC 8c BASW 8: IDC & 

.'NOC 8c IF R.F* INV* HOLD & NUM*HLDF 

0091 1100000000101111 1010100111110000 0011011010010000 11011100 

0092 XTHL: ALU DOUBLED 8c OR 8c ZA 8c ALUC 8c BASW 8c IDC**TD.D 8c HLD 

0092 1100000000101001 0110100111110000 1011011010010100 01011100 

0093 ALU DOUBLE* SP 8c OR Sc ZA 8, ALUC 8< BASW 8c IDC? * TO. A 8, HLD 

0093 1100000000101001 0110100111110001 0011011100010100 01011100 

0094 NALU 8: IOC 8c MEMR 8< IF* INV* READY 8< NUM*$ 

0094 1100001001010000 0010010111010000 0011010101010100 01XXXXXX 

0095 ALU? *L*FTOB.F 8= DR 8* DZ 8c ALUC 8, IOC 8c BASW 8c HLD 

0095 1100000000101001 0110100111110000 0011010101001010 11011111 

0096 ALU DOUBLE* SP*SP*FTOB.F 8: PLUS 8c ZA 8c ALUC 8: BASW 8* 
'iaC*DL*TO.A & MEMW Sc IF C. SBR* INV* READY 8c NUM*MMWSPL 

0096 1100000001001101 0010010111100011 0011011100010000 11000100 

0097 NALU Sc IOC & MEMR & IF* I NV* READY & NUM*$ 

0097 1100001001011100 0010010111010000 0011010101010100 01XXXXXX 

0098 ALU* *H*FTOE.F 8c OR 8c DZ 8, ALUC 8c IOC & BASW 8: HLD 

0098 1100000000101001 0110100111110000 0011010101001000 11011111 

0099 ALU DOUBLE* PC 8= OR 8< ZA & ALUC 8c BASW 8: IOC* DH* TO. A 8: 
--MEMW 8c IF*INV*READY 8c NUM*$ 

0099 1100001001100100 0010010111100101 0011011111110100 01011100 

009A ALU DOUBLE* SP*SP*FTOB.F 8= ZA 8; SUNIM 8, ALUC**CNL 8c 

-BASW 8c IOC 8c NOC 8c IF R.F*INV*HOLD 8: NUM*HLDF 
009A 1100000000101111 1010100111110000 0011001100010000 11001100 

009B PCHL: ALU DOUBLE* H* PC* FTDB. F 8c OR 8c ZA 8c ALUC 8= IOC**TD.A 8c 

^BflSW 8: NOC 8c IF R.F*INV*HOLB 8< NUM*HLDF 
009B 1100000000101111 1010100111110001 0011011010011110 11011100 

009C SIC: ALU * H«C 8: SUNIM 8c ZA & ALUC UPDTCY**CNL & BASW & IQC 
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PC SOURCE flND-'DR DEJECT CODE- X = DON'T CHRE 

& NDC 8= •IF R.F>INV*HDLD Sc NUM>HLDF 
09C 110 0101111 1010100111110 1 110 1 1 1 1 1 

009D CMC: ALU & AND 8= Zfl & flLUC UPDTCY Sc BflSW Sc IOC & NDC 8: 
-IF R.Fj>CY & NUM* STC 

009D 1100001001110011 1100010111110000 0001010101010100 01100100 

009E ALU & AND & ZA & flLUC UPDTCY* *CNL & BflSW & IDC & 

•NDC & IF R.FpINV»HDLD & NUM*HLDF 
009E 1100000000101111 1010100111110000 0001000101010100 01100100 

009F ANAR: ALU* *R*FTDB.F & AND & AB & flLUC UPDTALL 8c BflSW > SW 8c 

•-IDC 8c NDC & IF R. F, INV* HOLD ScHUMjHLDF 
009F 1100000000101111 1010100111110000 0100010101001110 11100001 

OOflO XRHR: ALU^AhFTOB.F 8c XDR 8c flB Sc flLUC UPDTflLL 8c BASWjSW 8c 

.-•'IDC 8: NDC Sc IF R.F*INV*HDLD 8c NUM^HLDF 
OOflO 1100000000101111 1010100111110000 0100010101001110 11110001 

OOfil DRflR: ALU* >A*FTOB.F 8c DR Sc AB & flLUC UPDTALL 8c BflSW «SW 8c 

• IDC 8c NDC 8c IF R.F* INVpHDLD 8: NUM-.HLDF 
00A1 11 000000001 Oil 11 1010100111110000 0100010101001110 11011001 

0QA2 DCRM: ALU DOUBLE* H 8-: DR 8c ZA 8c flLUC 8: IDC**TD.A 8c BflSW 8c HLD 
OOflS 1100000000101001 0110100111110001 0011011010010100 01011100 

00fl3 NALU 8c IOC 8: MEMR Sc IFpINVpREADY 8, NUM*$ 

00A3 1100001010001100 0010010111010000 0011010101010100 01XXXXXX 

00A4 ALU 8: DZ & MINUS 8c flLUC UPDTFL *>CNL *. BflSW Sc 

.-■IOOpTD.D 8c HLD 
00H4 1100000000101001 0110100111110000 1010000101010100 01010111 

00H5 ALU DOUBLE. PC 8c DR 8c ZA 8c flLUC 8e BflSW 8e IDC*DH<TD„fl 8: 

•MEMW 8c IF R.F»* READY 8c NUM*$ 
00H5 1100001010010111 1110010111100101 0011011111110100 01011100 

OOfl-S INRM: ALU DOUBLE* H 8= DR & ZA 8c flLUC 8e IDC**TD.ft Sc BflSW Sc HLD 
00A6 1100000000101001 0110100111110001 0011011010010100 01011100 

00H7 NflLU 8c IDC Sc MEMR 8: IF* INV*REflDY 8: NUM*$ 

00A7 1100001010011100 0010010111010000 0011010101010100 01XXXXXX 

0.0A8 ALU Sc DZ 8c PLUS Sc flLUC UPDTFL Sc BflSW Sc IDC^TD.D 8c HLD 

OOflS 1100000000101001 0110100111110000 1010010101010100 01000111 

00fl9 ALU DOUBLE* PC 8c DR 8: ZA Sc flLUC 8c BflSW 8c IDC.DH>TO.fl 8c 

,-MEMW & IF R.F» S READY 8: NUM.* 
00A9 1100001010100111 1110010111100101 0011011111110100 01011100 

OOAA DCRRs ALU. * >FTDB. F Sc ZB 8c SUNIM 8c flLUC UPDTFL* * CNL Sc 

-BflSW SW 8: IOC 8c IF R.F* INV*HDLD Sc NUM«HLDF 8: NDC 
OOflfl 1100000000101111 1010101111110000 0010000101010100 11001011 

OOflB INRR: HLU.^FTDB-F Sc ZB 8c PLUS Sc flLUC UPDTFL 8c BflSW SW 8: IOC 8c 

.-NDC Sc IF R.F>INV>HDLD Sc NUI"UHLDF 
OOflB 1100000000101111 1010101111110000 0010010101010100 11000011 

OOflC SUBR: ALU* >fl> FTDB.F 8c AB Sc SUNIM & ALUC UPDTALL & BflSW * SW 8, 
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PC SOURCE AND--DR DEJECT CODE. X = DON'T CARE 

.■IDC & NDC 8< IF R.F* INVjHDLD & NUM.HLDF 
OOflC 1100000000101111 1010100111110000 0100010101001110 11001001 

OOflD SUBM: ALU DOUBLE* H & DR & ZR & flLUC 8c BflSW & IDC* jTD.fi & HLD 
OOfiD 1100000000101001 0110100111110001 0011011010010100 01011100 

OOflE ALU DOUBLE* PC 8: DR & ZA & BflSW & ALUC 8: IDC?? TO. A 8< MMR 

OOAE 1100000000110101 0010010111010001 0011011111110100 01011100 

OOAF ALU* fi*fl *FTOB.F & DA 8c SUMIM fc ALUC UPDTALL & 

■BASW 8c IDC 8c NDC 8, IF R.F>INV*HDLD & NUMjHLDF 
OOAF 1100000000101111 1010100111110000 0000010011101110 11001101 

00E0 SUI: INCPC 8: MMR 

00B0 1100000000110101 0010010111010001 0011011111111110 11000100 

00B1 . flLU*fl*flpFTDB.F 8c DA 8: SUNIM 8: ALUC UPDTALL 8c 

-"BASW 8c IDC 8c NDC 8c IF R.FiINV.HDLB 8c NUMjHLDF 
00B1 1100000000101111 1010100111110000 0000010011101110 11001101 

00B2 SBBRs NALU 8c IDC 8c NDC 8c IF*INV*CY 8c NUMjSUBR 

00B2 1100001010110000 0000010111110000 0011010101010100 01XXXXXX 

00B3 ALU? «A*FTOB-F 8c AB 8: SUNIM 8c BflSW* SW 8c ALUC UPDTALL* *CN 

L8:.-IDC 8: NDC 8c IF R.FjINVjHDLD 8c NUM*HLDF 
00B3 1100000000101111 1010100111110000 0100000101001110 11001001 

00B4 SBBM: ALU DOUBLE >H 8c DR 8c ZA 8c IDCjjTD.A 8< BfiSW Sc ALUC 8c 

■'NDC 8, IF jINV^CY 8: NUM>SUBM+1 
00B4 1100001010111000 0000010111110001 0011011010010100 01011100 

00B5 ALU DOUBLE* PC 8c DR 8c ZA 8c IOC* * TO. A 8c BflSW 8c flLUC 8c MM 

R 

00B5 1100000000110101 0010010111010001 001 1011 111 1101 00 01011100 

00B6 ALUjfi>fl*FTOB.F 8: DA 8c SUNIM 8: ALUC UPDTALL* >CNL 8c 

•BflSW 8: IDC 8c NDC 8: IF R.F*INV>HDLD 8c NUMjHLDF 
00B6 1100000000101111 1010100111110000 0000000011101110 11001101 

00E7 SBI: NflLU & IDC 8c NDC 8e IFpINVjCY 8< NUM«SUI 

00B7 1100001011000000 0000010111110000 0011010101010100 01XXXXXX 

OOES NflLU 8c IDC 8= NDC 8c IF 8c NUMpSBII 

OOBS 1100010101110100 0111110111110000 0011010101010100 01XXXXXX 

00B9 ANflM: ALU DOUBLED 8c DR 8c ZA Sc IOC^TO.fl 8c ALUC 8c BASW 8c HLD 

00B9 1100000000101001 0110100111110001 0011011010010100 01011100 

OOBA ALU DDUBLE»PC 8c DR 8c ZA 8c IDC^TD.A 8: ALUC 8c BASW 8: MMR 

OOBA 1100000000110101 0010010111010001 0011 Oil 111110100 01011100 

OOBB HLUfflpfl^FTOB-F 8c AND 8= Dfl 8c ALUC UPDTALL 8c BASW 8c 

-'IDC % NOC 8c IF R.F*INVnHOLD 8c NUM*HLDF 
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PC SOURCE AND-'OR OBJECT CODE. X = DON'T CARE 

OOBB 1 100000000101 Hi 1010100111110000 000001 00111 OHIO 11100101 

OOBC XRAM: HLU DOUBLE *H & OR 8c ZA 8c IOCppTD.A 8c HLUC & BASW 8c HLB 

OOBC 1100000000101001 0110100111110001 0011011010010100 01011100 

OOED ALU DOUBLE* PC 8, OR 8-: ZA & IDCppTD.A & ALUC & BRSU 8: MMR 

OOBD 1100000000110101 0010010111010001 0011011111110100 01011100 

OOBE ALUpApApFTOB.F 8c XDR & DA 8c ALUC UPDTALL te BflSW 8c 

.--IDC 8c MOC 8, IF R.FpINVpHDLD 8, NUMpHLDF 
OOBE 1100000000101111 1010100111110000 0000010011101110 11110101 

OOEF ORAM: ALU DOUBLE *H 8c OR 8« ZA 8< IDCppTD.A 8c ALUC Sc BRSU 8, HLD 

OOEF 1 1 000000001 01 001 01 1 010011 111 0001 0011 Oil 0100101 00 01 01 1 1 00 

00C0 ALU DDUBLEpPC & OR 8c ZA 8c IDCppTD.A 8: ALUC 8e BflSW 8c MMR 

00C0 1 1 000000001 1 0101 001001 Oil 1 01 0001 0011 01111111 01 00 01 01 1 1 00 

00C1 ALUpApApFTOB.F 8c OR 8c DA 8, ALUC UPDTALL 8c BflSW & 

-••IDC 8c HOC 8c IF R.FpINVpHDLD 8< NUMpHLDF 
00C1 1100000000101111 1010100111110000 0000010011101110 11011101 

OOCS AN I: INCPC 8c MMR 

00C2 1100000000110101 0010010111010001 0011011111111110 11000100 

OOCS ALUpApApFTOB.F Z, AND 8c DA 8.: ALUC UPDTALL 8c BASW 4c IOC & 

■-NDC Sc IF R.FpINVpHDLD 8c NUMpHLDF 
OOCS 1100000000101111 1010100111110000 0000010011101110 11100101 

00C4 XRI: INCPC & MMR 

00C4 1100000000110101 0010010111010001 0011011111111110 11000100 

OOCS ALUpApApFTOB.F 8c XDR 8c DA 8, ALUC UPDTALL 8c BASW 8c IDC 8, 

■-NOC 8c IF R.FpINVpHDLD 8c NUMpHLDF 
OOCS 1100000000101111 1010100111110000 0000010011101110 11110101 

00C6 OR I: INCPC 8c MMR 

00C6 1100000000110101 0010010111010001 0011011111111110 11000100 

00C7 ALUpApApFTOB.F 8c DR 8c DA 8c ALUC UPDTALL 8: BASW & IDC 8, 

--NDC 8c IF R.FpINVpHDLD 8c NUMpHLDF 
00C7 1100000000101111 1010100111110000 0000010011101110 11011101 

OOCS CM A: ALUp Ap Ap FTOB- F 8c NXDR 8c ZA 8, IDC 8, ALUC 8, BASW 8c 

--NOC 8: IF R.FpINVpHDLD & NUMpHLDF 
OOCS 110000000010111 1 1010100111 110000 0011010011101 110 11111 100 

00C9 LHLDs INCPC 8, MMR 
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PC SOURCE AND'OR DEJECT CDDE. X = DON'T CRRE 

00C9 1100000000110101 0010010111010001 0011011111111110 11000100 

OOCH ALU* DOUBLE** * FTOB.F & OR & BZ 8c flLUC 8c BASW 8c IOC & HLD 

OOCfl 1100000000101001 0110100111110000 0011011101010100 11011111 

OOCE INCPC & MMR 

OOCB 1100000000110101 0010010111010001 0011011111111110 11000100 

OOCC ALU***FTDB.F 8: DR 8c HZ & flLUC 8c BflSW & IOC 8c HLD 

OOCC 1100000000101001 0110100111110000 0011010101010100 11011111 

OOCB ALU DOUBLE** *FTOB.F fc OR & Zfl 8< flLUC & IOC**TD.A 8c 

^BfiSU 8: HLB 
OOCB 1100000000101001 0110100111110001 0011011101010100 11011100 

OOCE NALU 8c IOC 8: MEMR 8c IF* INV*REABY 8, NUM* $ 

OOCE 1100001100111000 0010010111010000 0011010101010100 01XXXXXX 

OOCF ALU**L*FTOB.F 8c DR 8c BZ 8: IOC 8c BflSW 8c flLUC 8, HLD 

OOCF 1100000000101001 0110100111110000 0011010101001010 11011111 

00B0 ALU DOUBLE*** FTOB.F 8c PLUS 8= ALUC 8c BASW 8c IOC**TO-A 8c H 

LD.' 8c ZA 

mono liooooooooioiooi 0110100111110001 0011011101010100 11000100 

00D1 ALU DOUBLE j- PC 8c DR 8c ZA 8, IDC**TO.A 8. BASW 8c ALUC 8c 

.■'MEMR 8: IF J I NV* READY 8c NUM * $ 
00D1 1100001101000100 0010010111010001 0011011111110100 01011100 

00D2 ALU**H*FTDB.F 8c OR 8: DZ 8c IDC 8c BASW 8c ALUC 8c 

-"NOC 8e IF R.F*INV*HDLB 8c NUM*HLDF 
Q0D2 1100000000101111 1010100111110000 0011010101001000 11011111 

00D3 SHLD: INCPC 8: MMR 

00D3 1100000000110101 0010010111010001 0011011111111110 11000100 

00D4 ALU DOUBLE* p»FTOB.F 8c DR 8c DZ 8, ALUC 8c BASW 8: IOC 8c HLD 

00D4 1100000000101001 0110100111110000 0011011101010100 11011111 

00D5 INCPC t: MMR 

0OD5 1100000000110101 0010010111010001 0011011111111110 11000100 

00B6 ALU ■-** FTOB.F 8c OR 8, BZ 8c ALUC 8: BASW 8-: IDC 8, HLB 

00B6 1100000000101001 0110100111110000 0011010101010100 11011111 

00B7 ALU DOUBLE* ** FTOB.F 8c DR 8: ZA & ALUC 8c IDC** TO. A 8c 

■••BASW 8: HLD 
00D7 1100000000101001 0110100111110001 0011011101010100 11011100 

00D8 ALU DOUBLEpH & DR 8: ZA 8c IDC**TD.B 8, BASW 8, ALUC 8c HLD 

00D8 1100000000101001 0110100111110000 1011011010010100 01011100 

0D9 NALU 8: IOC>DL 8: MEMW 8, IF* INV* READY 8: NUM* S 

00B9 i i 00001 1 01 1 001 00 001 001 01 1 1 1 0001 001 1 01 01 01 01 01 00 OIXXXXXX 



PC SOURCE flNB-'OR OBJECT CODE. X = DON'T CARE 

OODfl ALU DDUBLE* »»FTOB.F & PLUS & Zfl & ALUC 8< BASW & 

•'IDC* *TD.A 8, HLD 
OOBfi 1100000000101001 0110100111110001 0011011101010100 11000100 

OOBB ALU DDUBLE * PC & DR 8= Zfi 8.- flLUC & IOC* DH* TO. A 8< BASW & 

•MEMW & IF R.F*, READY & NUM* S 
OODB 1100001101101111 1110010111100101 0011011111110100 01011100 

OOBC LDflX.B: ALU DOUBLE* B t. BflSW 8: Zfl & OR 8. IDC** TO. ft & flLUC & HLD 
OODC 1100000000101001 0110100111110001 0011011000010100 01011100 

OODD ALU DOUBLE* PC & OR & Zfl & IOC* jTD.A & flLUC & BflSW & 

'MEMR 8. IF » INV » READY & MUMf S 
OODD 1100001101110100 0010010111010001 0011011111110100 01011100 

OODE ALU » *fl*FTOB.F 8, OR 8- DZ 8= flLUC & BflSW & IOC & 

-'NOC & IF R.F*INV*HDLB & NUMiHLDF 
OODE 1100000000101111 1010100111110000 0011010101001110 11011111 

OODF STflX: ALU DDUBLE & BASW SW & ZB & DR & IDC* * TO. A & flLUC & HLD 

OODF 1100000000101001 0110101111110001 0011011101010100 01011011 

00E0 ALU* A & DR & Zfl & IOC»*TO.D & BflSW & flLUC 8= HLD 

00E0 1100000000101001 01 1&1001 11 11 0000 1011010011110100 01011100 

00E1 ALU DOUBLE* PC & OR & ZA & IOC* DH* TO. A & BASW & flLUC &. 

--■MEMW & IF R.F* INV* HOLD & NUM. HLDF 
OOE1 1100000000101111 101 01001 11 100101 0011011111110100 01011100 

DOES UXCHG: ALU DDUBLE* D* »FTOB. F 8c OR & ZA & flLUC & BflSW & IOC & HL 

D 

OOEE 1100000000101001 0110100111110000 0011011001010100 11 01 11 00 

00E3 ALU DOUBLE* H*D»FTDB.F 8= DR & ZA 8< ALUC & BASW & IDC & HL 

D 

0E3 1100 0101001 Oil 10011111 11011010 00100 110111 

00E4 ALU DOUBLE* »H*FTOB.F & DR & ZA & ALUC & BASW 8: IDC 8: 

•-•NOC 8: IF R.F*INV*HDLD & NUMjHLDF 
00E4 1100000000101111 1010100111110000 0011011101001000 11011100 

00E5 LXID: INCPC & MMR 

00E5 1100000000110101 0010010111010001 0011011111111110 11000100 

00E6 ALU**E*FTOB.F & DR 8: DZ 8: ALUC 8= BASW 8< HLD & IDC 

00E6 1100000000101001 0110100111110000 0011010101000110 11011111 

00E7 INCPC %. MMR 

00E? 1100000000110101 0010010111010001 0011011111111110 11000100 

00E8 ALU* *B*FTDB.F* %. DR 8: DZ %. ALUC %. BASW %. NDC 8 

.'IF R.F*INV*HOLD %. NUM»HLDF & IDC 
00E8 1100000000101111 1010100111110000 0011010101000100 11011111 

0OE9 LXIH: INCPC 8: MMR 

0GE9 11 000000001 101 01 0010010111010001 0011011111111110 11000100 
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PC SOURCE AND--- OR DEJECT CODE- X = DON'T CARE 

OOEA ALU? ?L>FTOB.F & DR 8: DZ 8c flLUC & BASW & HLD & IOC 

OOEA 1100000000101001 0110100111110000 0011010101001010 11011111 

OOEB INCPC 8c MMR 

OOEB 1100000000110101 0010010111010001 0011011111111110 11000100 

OOEC ALU* ?H? FTDB. F? 8c DR 8c DZ & flLUC 8c BflSW 8c NOC & 

-IF R.F? IN'vSHDLD 8< NUM?HLDF 8< IDC 
OOEC 1100000000101111 1010100111110000 0011010101001000 11011111 

OOEB LXISP: INCPC 8c MMR 

OOEB 1100000000110101 0010010111010001 0011011111111110 11000100 

OOEE ALU DOUBLE? *SP? FTDB. F 8c DR Sc DZ 8, flLUC Sc BflSW 8, HLD 8: ID 

C 

OOEE 1100000000101001 0110100111110000 0011011101010000 11011111 

OOEF INCPC 8e MMR 

OOEF 1100000000110101 0010010111010001 0011011111111110 11000100 

OOFO ALU? ?SP?FTOB.F> 8v DR & DZ 8c flLUC 8, BflSW 8c NDC 8c 

■-IF R.F* IN'vSHDLD & NUM?HLDF 8< IDC 
OOFO 1100000000101111 1010100111110000 0011010101010000 11011111 

00F1 INXD: ALU DDUBLE* * B? FTDB. F 8c PLUS 8. ZB 8< flLUC Sc BflSW 8c IDC 8, H 
LD 

00F1 1100000000101001 0110100111110000 0011011101000100 11000011 

OOFS ALU DOUBLE? B*E? FTDB. A & DR 8: DZ 8c flLUC? SWAP 8c BASW & 

■■■IOC 8, NDC & IF R.F? INVpHOLB & NUM?HLDF 
OOFS 1100000000101111 1010100111110000 0011111001000110 10011111 

00F3 INXH: ALU DOUBLE? ?H? FTDB. F 8c PLUS & ZB & flLUC & BflSW 8, IDC 8- : H 
LD 

F 3 11 101001 0110100111110 0110111010 01000 11 1 1 

00F4 ALU DOUBLE* H*L? FTDB. A 8c OR 8< DZ 8, flLUC? SWAP 8« BASW 8c 

-IDC 8c NDC & IF R.F?INV*HOLB 8c NUM*HLDF 
00F4 1100000000101111 1010100111110000 0011111010001010 10011111 

00F5 INXSP: ALU DOUBLE* ? SP?FTOB. F 8, PLUS 8e ZB & flLUC 8c BflSW & IDC & 

-"NDC 8c IF R.F*INV?HDLD 8c NUM?HLDF 
OOFS 1100000000101111 1010100111110000 0011011101010000 11000011 

00F6 DCXD: ALU DOUBLE* ?D? FTDB. F 8c SUNIM 8e ZB & ALUC*?CNL 8c 

■'BASW 8: IDC 8< HLD 
00F6 1100000000101001 0110100111110000 0011001101000100 11001011 

00F7 ALU DOUBLE? D?E? FTDB. A 8c DR 8< DZ 8, flLUC* SWAP 8, IDC 8c 

-NDC 8< IF R.F?INV?HDLD 8e NUM*HLDF 

00F7 1100000000101111 101010X111110000 0X11111001000110 10011111 

OOFS DCXH: ALU DOUBLE? ? H? FTDB. F 8c SUNIM 8c ZB 8c ALUC??CNL 8< 
>ERSW & IDC 8: HLD 
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PC SOURCE fiND^OR DEJECT CODE. X = DON'T CfiftE 

OOFS 1100000000101001 0110100111110000 0011001101001000 11001011 

00F9 ALU DOUBLE* HpLp FTDE.fi & DR 8c DZ & RLUCpSWRP 8: IDC fc 

.-■NDC & IF R.FpINVpHOLD 8c NUMpHLDF 
00F9 1100000000101111 101010X111110000 0X11111010001010 10011111 

OOFR DCXSP: RLU DOUBLE* *SP*FTDB. F Sc SUNIM & ZB 8: RLUC? ? CNL 8: 

.-'ERSW 8: IDC 8c NOC 8c IF R. Fp INVp HOLD 8: NUMpHLDF 
OOFR 1100000000101111 1010100111110000 0011001101010000 11001011 

OOFE PDP.D: RLU DOUBLE* SP* SP*FTDE. R 8c DR 8c ZR 8: flLUC 8c BRSW 8: 

.■•IOC**TO.fi fc NDC 8c IF C. SERp * HOLD 8: NUMpHLDSE 
OOFB 1100000000101001 0110100111110001 0011011100010000 10011100 

OOFC RLU DOUBLE* SP*SP*FTDB.F 8, PLUS 8c ZR 8: RLUC 8c BRSW Sc 

••■ IOC*pTD.R 8: MEMR 8c IF C. SER* INV* RERDY 8c NUMpMMRSP 
OOFC 1100000001000101 0010010111010001 0011011100010000 11000100 

OOFD RLU* pE*FTDB.F 8e DR 8c DZ 8: RLUC 8c IDC 8= BflSW 8c HLD 

OOFD 1 1000000001 01 001 Oil 01001 111 10000 001 1 0101010001 10 11 Oil 1 11 

OOFE RLU DOUBLE* SP*SP*FTDB.F 8c PLUSSc ZR 8c RLUC Sc BHSW 8: 

.-■IOCppTD.fi 8, MEMR & IF C. SERp INV* RERDY 8: NUMpMMRSP 
OOFE 1100000001000101 0010010111010001 0011011100010000 11000100 

OOFF RLU? *D*FTOE.F 8c DR 8, DZ 8, RLUC 8c IDC Sc BHSW 8: HLD 

OOFF 1100000000101001 0110100111110000 001 101 01 01 0001 00 11011111 

0100 RLU DOUBLE- PC 8c OR 8: ZR 8c RLUC 8c IOCjiTO.fi 8-: BflSW Sc 

.-NDC 8c IF R.FpINVpHOLD Sc NUMpHLDF 

0100 1100000000101111 10101 001 11 110001 0011011111110100 01011100 

0101 PDP.H: RLU DOUBLE pSPp SPp FTDE. fl & DR 8: ZR 8c RLUC Sc BRSW Sc 

.--IDC** TO.fi Sc NDC & IF C.SBR**HOLD Sc NUMpHLDSE 

0101 1100000000101001 0110100111110001 0011011100010000 10011100 

0102 HLU DOUBLE* SPpSPpFTDE.F 8, PLUS Sc Zfi Sc RLUC Sc BHSW Sc 
s IOC* p TO.fi Sc MEMR Sc IF C. SER* INV*REfiDY 8: NUMpMMRSP 

01 OS 1100000001000101 0010010111010001 0011011100010000 11000100 

0103 RLUp pLpFTDB.F & DR 8: DZ 8c RLUC Sc IDC 8c BRSW 8: HLD 

0103 1100000000101001 0110100111110000 0011010101001010 11011111 

0104 RLU DOUBLE* SPpSP*FTDB.F 8c PLUSSc ZR 8: RLUC 8c BRSW 8: 
.■'IDCpp TD.fi Sc MEMR 8c IF C. SBR* INVp REfiDY 8c NUMpMMRSP 

0104 11 1 1 1 10 01011101 01 0110111 1 00 11 1 

0105 RLUp pHpFTOE.F 8= DR 8e DZ 8c RLUC Sc IDC Sc BRSW 8c HLD 

0105 1100000000101001 0110100111110000 0011010101001000 11011111 

0106 RLU DOUBLE* PC Sc OR 8: ZR Sc RLUC 8: IDCppTD.R Sc BRSW S< 
-•NOC 8c IF R.FpINVpHDLD 8c NUMpHLDF 

0106 1100000000101111 1010100111110001 0011011111110100 01011100 

0107 JNZ: NfiLU Sc I OCT Sc NOC Sc IF pINVpZ S: NUMpJMP 

0107 1100000100001000 0000000111110000 0011010101010100 01XXXXXX 



0108 INCPC S: HLD 
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PC SOURCE fiNBxDR DEJECT CODE. X = DON'T CARE 

0108 1100000000101001 0110100111110001 0011011111111110 11000100 

0109 INCPC & IF R-F;. INVi-HOLD & NUMfHLDF & NOC 

0109 1100000000101111 1010100111110001 0011011111111110 11000100 

01 OR CNZ: NflLU & IDC 8c NOC & IF *INV*Z & NUMjCALL 

01 OH 11 000001 0001 11 00 0000000111110000 001 101 01 01 01 01 00 01XXXXXX 

01 OB INCPC 4= HLD 

01 OB 1100000000101001 0110100111110001 0011011111111110 11000100 

01 OC INCPC 8c NOC & IF R. F, INVjHDLD & NUMjHLDF 

01 OC 1100000000101111 1010100111110001 0011011111111110 11000100 

01 OD RNZ: NRLLI & IOC 8c NOC & IF R.F^Z fc NUM^RET 

01 OB 1100000101000011 llOOOOOlllllOOOO 0011010101010100 01XXXXXX 

01 OE JZ: NflLU 8c IOC 8< NOC 8c IF * *Z Sc NUMjJMP 

01 OE 1100000100001000 0100000111110000 0011010101010100 01XXXXXX 

01 OF INCPC 8c HLD 

01 OF 1100000000101001 0110100111110001 0011011111 111110 11000100 

0110 INCPC Sc NOC 8< IF R. F> INVjHOLD 8c NUM»HLDF 

0110 1100000000101111 1010100111110001 0011011111111110 11000100 

0111 CZ: NflLU 8. IOC 8c NOC 8c IF , 9 Z 8, NUM.CflLL 

0111 1100000100011100 0100000111110000 0011010101010100 01XXXXXX 

0112 INCPC 8c HLD 

01 1c" 1 1000000001 01001 0110100111 110001 001101111 1111110 11000100 

0113 INCPC 8c NOC 8-: IF R. Fj. INVjHOLD & NUMFHLDF 

0113 1100000000101111 1010100111110001 0011011111111110 11000100 

0114 RZ: NflLU 8c IOC 8c NOC 8-: IF R.F ? INV*Z 8c MUM* RET 

0114 1100000101000011 1000000111110000 0011010101010100 01XXXXXX 

0115 JNC: NflLU 8c IOC 8< NOC 8c IF pINVjCY 8e NUI-WJMP 

0115 1100000100001000 0000010111110000 0011010101010100 01XXXXXX 

0116 INCPC 8.HLD 

0116 1100000000101001 0110100111110001 0011011111111110 11000100 

0117 INCPC 8c NOC 8c IF R.FpINVNHDLD 8c NUMFHLDF 

0117 1100000000101111 1010100111110001 0011011111111110 11000100 

0118 CNC: NflLU 8c IOC 8c NOC 8, IF *INV*CY 8c NUI-NCRLL 

0118 1100000100011100 0000010111110000 0011010101010100 01XXXXXX 

0119 INCPC 8c HLD 

0119 1100000000101001 0110100111110001 0011011111111110 11000100 

Ollfl INCPC 8c NOC & IF R.F >IMV»HDLD 8c NUM.HLDF 

Ollfl 1100000000101111 1010100111110001 0011011111111110 11000100 

011B RNC: NflLU 8, IOC 8e NOC 8c IF R.F^CY 8c NUMi.RET 

01 IB 1100000101000011 1100010111110000 0011010101010100 01XXXXXX 



PC SOURCE RMD-DR DEJECT CDDE. X = DON'T CARE 

01 1C 11 000001 000010Q0 010001 01 1111 0000 001 1 01 0101 01 01 00 01XXXXXX 

01 ID INC PC & HLD 

01 ID 1100000000101001 0110100111110001 0011011111111110 11000100 

01 IE INCPC & NDC & IF R. F. INV.« HDLD & NUMiHLDF 

01 IE 1100000000101111 1010100111110001 0011011111111110 11000100 

01 IF CC: NflLU 8= IDC 8c NDC & IF >>CY fc NUMjCRLL 

01 IF 1100000100011100 0100010111110000 0011010101010100 01XXXXXX 

01 £0 INCPC 8c HLD 

0120 1100000000101001 OllOlOOlllllOOOl OOllOllllllllllO 11000100 

0121 INCPC & NDC 8c IF R. F.. INV* HDLD 8c HUMpHLDF 

0121 1100000000101111 1010100111110001 OOllOllllllllllO 11000100 

0122 RC: NRLU 8, IDC 8c NDC 8c IF R.F,INV*CY 8c NUM,RET 

0122 1100000101000011 1000010111110000 0011010101010100 01XXXXXX 

0153 JPD: NRLU 8-: IDC & NDC 8c IF'iINVjP & NUMpJMP 

0153 1100000100001000 0000100111110000 0011010101010100 01XXXXXX 

01 £4 INCPC 8.: HLD 

01£4 1100000000101001 OllOlOOlllllOOOl OOllOllllllllllO 11000100 

0125 INCPC 8c NDC 8c IF R. F-. INV«HDLD 8c NUMIHLDF 

0125 1100000000101111 1010100111110001 OOllOllllllllllO 11000100 

01 26" CRD: NRLU & IDC & NDC i IF pINVjP & NUMfCflLL 

0126 1100000100011100 0000100111110000 0011010101010100 01XXXXXX 

0127 INCPC 8c HLD 

0127 1100000000101001 OllOlOOlllllOOOl OOllOllllllllllO 11000100 

0123 INCPC 8, NDC 8c IF R. F* INVSHDLD& MUMfHLDF 

0128 1100000000101111 1010100111110001 OOllOllllllllllO 11000100 

0129 RPD: NRLU 8, IDC 8, NDC 8c IF R.F^P 8c MUM* RET 

0129 1100000101000011 1100100111110000 0011010101010100 01XXXXXX 

012R JPE: NRLU 8c IDC 8c NDC & IF ,,P 8- : NUMnJMP 

012R 1100000100001000 0100100111110000 0011010101010100 01XXXXXX 

012E INCPC 8, HLD 

012E 1100000000101001 OllOlOOlllllOOOl OOllOllllllllllO 11000100 

012C INCPC 8.: NDC 8c IF R. F* INV. HDLD 8c NUMjHLDF 

012C 1100000000101111 1010100111110001 OOllOllllllllllO 11000100 

012D CPE: NRLU 8c IDC 8c NDC 8: IF , ,P 8, NUMpCRLL 

012D 1100000100011100 0100100111110000 0011010101010100 01XXXXXX 

012E INCPC 8c HLD 

012E HOOOOOOOOlOlCftH OllOlOOlllllOOOl OOllOllllllllllO 11000100 

012F INCPC 8c NDC 8c IF R. F. INV, HDLD *, NUMiHLDF 

012F 1100000000101111 1010100111110001 OOllOllllllllllO 11000100 

0130 RPE: NRLU 8c IDC 8c NDC 8c IF R.FhINVjP & NUM. RET 
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PC SOURCE flND'DR OBJECT CODE- X = DON'T CARE 

0130 11 000001 01 000011 1000100111110000 0011010101010100 01XXXXXX 

0131 jp: NflLU & IOC 8c NOC 8c IF i-INVjS 8, NUM*JMP 

0131 1100000100001000 0000110111110000 0011010101010100 01XXXXXX 

\'\i?,2 INCPC 8. HLD 

0132 1100000000101001 0110100111110001 0011011111111110 11000100 

fiir-:;-: INCPC 8c NOC 8< IF R. Fp INV« HOLD 8c NUMpHLDF 

0133 1100000000101111 1010100111110001 0011011111111110 11000100 

0134 CP: NflLU & IDC Be NOC 8, IF R.F««.S 8c NUM. CALL 

0134 1100000100011111 1100110111110000 0011010101010100 01XXXXXX 

0135 INCPC 8c HLD 

0135 1100000000101001 0110100111110001 0011011111111110 11000100 

IU3fi INCPC 8c NOC 8c IF R.FpINVjHDLD 8c NUMpHLDF 

■0136 1100000000101111 1010100111110001 0011011111111110 11000100 

ni37 RP: NflLU 8, IOC 8c NOC 8= IF >INVj»S 8c NUM* RET 

0137 1100000101000000 0000110111110000 0011010101010100 01XXXXXX 

n 1 3S JM: NflLU 8: IOC 8: NOC 8: IF mS 8< NUMsJMP 

0138 1100000100001000 0100110111110000 0011010101010100 01XXXXXX 

ill:--:9 INCPC 8c HLD 

0139 1100000000101001 0110100111110001 0011011111111110 11000100 

niSfi INCPC 8: NOC & IF R.F* INVSHOLD 8c NUMjHLDF 

013fl 1100000000101111 1010100111110001 0011011111111110 11000100 

fil:-:E CM: NflLU 8: IOC 8, NOC & IF * *S 8, NUM* CALL 

013B 1100000100011100 0100110111110000 0011010101010100 01XXXXXX 

013C INCPC 8< HLD 

013C 1100000000101001 0110100111110001 0011011 11 1111 110 11000100 

IU3D INCPC 8c NOC 8c IF R. F* INV* HDLD 8c NUMjHLDF 

013D 1100000000101111 1010100111110001 0011011111111110 11000100 

ni:":E RM: NflLU 8, IDC 8, NOC 8, IF R.FjINVjS 8: NUM* RET 

013E 1100000101000011 1000110111110000 0011010101010100 01XXXXXX 

013F Dflfl: NflLU 8: IDC 8, HLD 

013F 1100000000101001 0110100111110000 0011010101010100 01XXXXXX 

f 1 14 NflLU 8c IDC 8c IFs-INV 8, NUN DBUS>0 06 8c NDC 

0140 1000000000011000 0011110111110000 0011010101010100 01XXXXXX 

0141 flLUn 9 *FTOB.F 8, DR 8, DZ 8c flLUC 8, BHSW 8: IDC & 
•■NDC 8, IF-itflC 8c NUM? Dflfl 1 

0141 1100010100011000 0101000111110000 0011010101010100 11011111 

0142 NflLU 8, IDC 8c IF* INV 8= NUM DBUS* OOF 8, NDC 

014E 1000000000111100 0011110111110000 0011010101010100 01XXXXXX 

0143 flLUpfljfFTDQ 8, AND 8, Dfl 8c flLUC 8, BHSW 8c IDC 8, 
.-NDC 8, IFpINV 8: NUM DBUS> OOfl 

0143 1000000000101000 0011110111110000 0011010011110100 00100101 



PC SOURCE AND--DR OBJECT CODE. X = DDN'T CfiRE 

0144 ALU I DQ fe SUNIM & HLUC 8: BASW & IOC & HLD 

0144 11 1 1 1 Oil 10011111 110101 1 1 1 1 1110 

0145 NRLU & IOC & NDC & IF* INV* CN- 4 8c NUMpS+S 

0145 110001 01 0001 1100 001 1100111 110000 00110101 010101 00 01XXXXXX 

0146 Dflfll: RLU* *fl* FTDB. F & PLUS Sc RB & HLUC UPDTHLL**CNL & 

■-IOC 8c BflSW 8c NDC 8, IF C.SBR**CY 8c NUM*Dflfl4 

0146 1100010101111101 0100010111110000 0000000101001110 11000001 

0147 NRLU 8, IOC 8c IF* INV & NUM DBUS* 060 Sc NDC 

0147 1000000110000000 0011110111110000 0011010101010100 01XXXXXX 

0148 flLU***FTOB.F 8, OR & HZ 8c RLUC 8: BflSW 8, IOC 8. 
.-NDC 8c IF**CY 8c NUM*Dflfl3 

0148 1100010100111100 0100010111110000 0011010101010100 11011111 

0149 NRLU Sc IOC 8, IF* INV 8: NUM DBUS* 0F0 8c NDC 

0149 1000001111000000 0011110111110000 0011010101010100 01XXXXXX 

014R RLU*fl?*FTOQ 8c AMD 8c Dfi 8c ALUC 8- : BflSW 8c IDC 8-: 

■-NDC 8, IF ? INV 8, NUN DBUS* OflO 
014fl 1000001010000000 0011110111110000 0011010011110100 00100101 

014E RLU & BQ 8: SUNIM Sc RLUC & BRSW 8, IDC 8, HLD 

014E 1100000000101001 0110100111110000 0011010101010100 01001110 

014C NflLU 8: IDC 8c NDC 8c IF* INV* CN- 4 8c NUM* $+2 

0-1-4C- 1 10001 01 001 -1 1 000 001 1 1001 1 1 1 1 OOOO 001 1 01 0101 01 01 00 01XXXXXX 

014B Dflfle:- ALU* *fl*FTDB.F 8c PLUS 8c AB S< ALUC UPDTflLL * * CNL Sc 

--BflSW & IDC 8c HLB 
014D 1100000000101001 0110100111110000 0000000101001110 11000001 

014E NflLU 8, IOC 8c NDC 8, IF R. F* INV*HOLD 8, NUM*HLDF 

014E 1100000000101111 1010100111110000 0011010101010100 01XXXXXX 

014F DAA3: ALU* * A* FTDB. F 8c PLUS 8, AB 8c ALUC UPDTFL**CNL 8c 
-■'BRSW 8c IDC 8c NDC 8c IF R. F* INV*HDLD 8c NUM*HLDF 
014F 1 1 000000001 01 111 1 01 01001 1111 0000 001 0000101 001 110 11 000001 

0150 PDP.PSW: ALU DOUBLE* SP* SP*FTOE. A 8c OR 8e ZA 8c ALUC 8, BASW 8c IDC**T 

D.fl 8-: -NDC 8, IF C.SBR**HOLD & NUM*HLBSB 

0150 11000000001 01001 01 1010011 11 10001 0011 Oil 100010000 10011 100 

0151 ALU DOUBLE* SP*SP* FTDB. F & PLUS Sc ZA 8c ALUC 8c BASW 8c MEMR 

8, .--IOC* * TO. A 8c IF C.SBR* INV* READY 8c NUM*MMRSP 

0151 1 1 00000001 0001 01 001 001 01 1 1 01 0001 001 10111 0001 0000 11 0001 00 

0152 ALU 8c NflND 8, ALUC 8, IDC 8c BASW 8c HLD 

0152 1100000000101001 0110100111110000 0011010101010100 01101XXX 

0153 ALU DOUBLE* SP*SP* FTDB. F Sc PLUS & ZA t. RLUC 8: BRSW 8: 
'IOC**TD.A 8c MEMR S: IF C. SBR* INV* READY Sc NUM*MMRSP 

0153 11 1 1 1 1 10111 1 1 110111 1 1 1 1 

0154 ALU* * A* FTDB. F & OR 8c DZ 8c HLUC 8c BASW 8c IDC 8c HLD 

A-26 



PC SOURCE fiNB/DR DEJECT CDDE. X = DDN'T CRRE 

0154 1100000000101001 0110100111110000 0011010101001110 11011111 

0155 ALU DDUBLEfPC & DR & Zfl & fiLUC & IDCjjTD.R & BflSW & NDC & 
•IF R.F» IHVjHDLB & HUMnHLDF 

r ( -i crcr * 1 n r t n n n a n n t n h 1 i 1 < ni n i n n i 1 1 i 1 n n fti n n 1 1 n 1 i 1 1 1 1 1 n i i"i n ri mm n i"i 

IJ J. ._«•_• X A U V •-» '-* •-■ *J ■_» '.' 1 >j 1 1 1 1 A »_« X »-« J. *-••_« X X X X X •-» *J '.' X '-■ ■-' A A «-* X X A X X A X ■-* X «_■ ■_" ■_• X •-' X A X «-» «-• 

0156 LDfiX.D: ALU DOUBLE >D 8c BflSW & Zfl fc DR 8c I0C>!»T0.fl & flLUC & HLD 

0156 1100000000101001 0110100111110001 0011011001010100 01011100 

0157 ALU DOUBLE* PC 8c DR 8c Zfl 8c IDC>» TD.fi 8c fiLUC 8c BflSW 8c 
■-MEMR 8, IF-. I NV* READY 8.: NUM* $ 

0157 1100010101011100 0010010111010001 0011011111110100 01011100 

015S ALU? ".A-tFTDE.F 8c DR 8c DZ 8, flLUC 8c BflSW 8, IDC 8, 

.-NDC & IF R.F*INViHOLD 8c NUMnHLDF 

0158 1100000000101111 1010100111110000 0011010101001110 11011111 

0159 XCHG: ALU DOUBLE* Dj L* FTOB. A & DR 8c DZ 8, flLUC* SWAP 8c BASW & IDC 

& HLD 
0159 1100000000101001 01 1 01 001 1 1 1 1 0000" 001 1 1 1 1 001 001 01 10011111 

015A ALU DOUBLE* H*D? FTOB. A & DR 8c ZA & flLUC 8, BflSW 8c IOC & HL 

D 

015fl 1100000000101001 0110100111110000 0011011010000100 10011100 

015B ALU DOUBLE* L>H* FTOB. fl 8c DR 8c DZ 8, flLUC* SWAP & BASW 8c IDC 

8, HLD 
015E 1100000000101001 0110100111110000 0011111010101000 10011111 

015C ALU DOUBLE* DiEi-FTOB.fi fc fiLUC* SWAP 8c BASW 8: IOC 8c 

-"NDC 8c IF R.FpINV»HDLD 8c NUMnHLDF 8< DR 8c DZ 
015C 1100000000101111 1010100111110000 0011111001000110 10011111 

015D SBIl: IMCPC 8c MMR 

015D 1100000000110101 0010010111010001 0011011111111110 11000100 

015E flLU*fi*flpFTOB.F 8< DA 8, SUMIM 8c flLUC UPDTflLL**CNL 8, IDC 8, 

.-BflSW 8, NDC 8c IF R. F> INV* HOLD 8, NUMjHLDF 
015E 1100000000101111 1010100111110000 0000000011101110 11001101 

015F Dflfl4: HLUpH«C 8e SUNIM 8: Zfl 8c flLUC UPDTCYppCNL 8, BflSW 8, 

■•IDC Sc NDC & IF R-RTN 8c HUM 
015F 1100000000000001 1111110111110000 0001000110010100 01001100 

0000 ORG H«3FF 

03FF INTRPT: NHLU 8, IOC 8: NDC 8c IF 8c NUM» INTHNDL 

03FF 1100001000010000 0111110111110000 0011010101010100 01XXXXXX 

04 00 END 



APPENDIX III 

Mapping PROM AMDASM Output 
CSC File Name: AMMAPO 



Note: A listing of the Mapping PROM Source Code (Assembly File) only may be obtained 
using CSC File Name AMMAPA. 

A-28 



PC 


MICRDWORB 


0000 


086 


0001 


022 


00 OS 


ODF 


0003 


06D 


0004 


ORB 


0005 


ORR 


0006 


01B 


0007 


05R 


00 OS 


000 


0009 


071 


OOOfl 


one 


00 OB 


06F 


OOOC 


ORB 


on on 


ORR 


000E 


01B 


00 OF 


05D 


0010 





0011 


0E5 


0012 


ODF 


0013 


0F1 


0014 


ORB 


0015 


ORR 


0016 


01B 


0017 


05F 


001S 





0019 


073 


OOlfl 


156 


001B 


OF 6 


001C 


ORE 


G01B 


ORR 


001E 


01E 


001F 


06 


0020 


000 


0021 


0E9 


0022 


0H3 


0023 


0F3 


0024 


ORB 


0025 


ORR 


0026 


01B 


0027 


13F 


0028 


00 


0029 


074 


002R 


0C9 


002B 


0F8 


002C 


ORB 


002B 


ORR 


002E 


CUB 


002F 


0C8 


0030 





0031 


OEB 


0032 


02D 


0033 


0F5 


0034 


0R6 


0035 


0R2 


0036 


01E 


0037 


09C 


CG38 


00 


0039 


075 


003R 


026 


003B 


OFR 


003C 


ORB 


003D 


ORR 


003E 


1 B 



IN HEX 







SOURCE CDBE 


NOP: 


FF 


Hit 086 


LXIB: 


FF 


Httoee 


STRXB: 


FF 


H«OBF 


INXB: 


FF 


H-06B 


INRB: 


FF 


HttOflB 


DCRB: 


FF 


H-GRR 


MVIB: 


FF 


HttOlB 


RLC: 


FF 


HttOSfi 




FF 


12X 


DRUB: 


FF 


H«071 


LDHXB: 


FF 


H«OBC 


DCXB: 


FF 


H«06F 


INRCs 


FF 


H«OflB 


nCRC: 


FF 


H-ORR 


MVIC: 


FF 


H«01B 


RRC: 


FF 


H"05B 




FF 


12X 


LXID: 


FF 


H»0E5 


STflXD: 


FF 


H»OBF 


INXB: 


FF 


H«0F1 


INRDs 


FF 


H«OflB 


DCRD: 


FF 


HttOflfl 


MVIB: 


FF 


H«01B 


RRL: 


FF 


H«05F 




FF 


12X 


URDD: 


FF 


H«073 


LBflXB: 


FF 


H"156 


DCXB: 


FF 


H«0F6 


INRE: 


FF 


H-GRB 


BCRE: 


FF 


HttOflH 


MVIE: 


FF 


H«01B 


RRR: 


FF 


H**060 




FF 


12X 


LXIH: 


FF 


H«0E9 


SHLD: 


FF 


H«0B3 


INXH: 


FF 


H"0F3 


INRH: 


FF 


H*t ORB 


DCRH: 


FF 


HttOflfl 


MVIH: 


FF 


H"01B 


BRR: 


FF 


H«13F 




FF 


12X 


BfiBH: 


FF 


H*074 


LHLB: 


FF 


H"0C9 


BCXH: 


FF 


H«0F8 


INRL: 


FF 


H«ORB 


DCRLs 


FF 


H^ORR 


MVIL: 


FF 


HttOlB 


CMR: 


FF 


H«0C8 




FF 


12X 


LXISP: 


FF 


H«OEB 


STR: 


FF 


H^02B 


INXSP: 


FF 


H*0F5 


INRM: 


FF 


H-0R6 


DCRM: 


FF 


H"0R2 


MVIM: 


FF 


H^OIE 


STC: 


FF 


H-09C 




FF 


12X 


DflDSP: 


FF 


Hit 075 


LBR: 


FF 


H« 026 


BCXSP: 


FF 


HttOFR 


IMRR: 


FF 


H-ORE 


BCRfl: 


FF 


H"ORR 


MWTp! 


FF 


H"01B 



A-29 



PC 


MICRDWDRB IN HEX 


SDUPC 


003F 


09D 


CMC: 


FF H«09D 


0040 


014 


MDVB.R 


: FF H«014 


0041 


014 


MDVE.R 


: FF H*Q14 


0045 


014 


MDVB.R 


: FF H«014 


0043 


014 


MDVB.R 


: FF H"014 


0044 


014 


MDVB.R 


: FF H«014 


0045 


014 


MDVB.R 


: FF H«014 


0046 


018 


MDVB.M 


: FF H*018 


0047 


014 


MDVB.R 


: FF H-014 


0048 


014 


MDVC.R 


: FF H«014 


0049 


014 


MDVC.R 


: FF H-014 


004H 


014 


MDVC.R 


: FF Hs014 


004B 


014 


MDVC.R 


: FF H#014 


004C 


014 


MDVC.R 


: FF H*:014 


004B 


014 


MDVC.R 


: FF H^014 


004E 


01S 


MDVC.M 


: FF H^018 


004F 


014 


MDVX.R 


: FF H3014 


0050 


014 


MDVX.R 


: FF H«014 


0051 


014 


MDVX.R 


: FF H«014 


0052 


014 


MDVX.R 


: FF H*014 


0053 


014 


MDVX.R 


: FF H-014 


0054 


014 


MDVX.R 


: FF H*014 


0055 


014 


MDVX.R 


: FF H"014 


0056 


018 


MDVD.M 


: FF H-018 


0057 


014 


MDVY.R 


: FF H"014 


0058 


014 


MDVY.R 


: FF H*014 


0059 


014 


MDVY.R 


: FFH«014 


005R 


014 


MDVY.R 


: FF HS5014 


005E 


014 


MDVY.R: 


: FF H-014 


005C 


014 


MDVY.R: 


\ FF H-014 


005D 


014 


MDVY.R; 


!-■ FF H*MH4- 


005E 


018 


MDVE.M: 


' FF HS018 


005F 


014 


MDVZ.R: 


' FF H«014 


0060 


014 


MDVZ.R: 


FF H-014 


0061 


014 


MDVZ.R: 


FF H«014 


006£ 


014 


MDVZ.R: 


FF H«014 


0063 


014 


MDVZ.R: 


FF H-014 


0064 


014 


MDVZ.R: 


FF H«014 


0065 


014 


MDVZ.R: 


FF H«014 


0066 


018 


MDVH.M: 


FF H«018 


0067 


014 


MDVW.R: 


FF H-014 


006S 


014 


MDVW.R: 


FF H«014 


0069 


014 


MDVW.R: 


FF H«014 


006fi 


014 


MDVW.R: 


FF H-014 


006E 


014 


MDVW.R: 


FF H-014 


006C 


014 


MDVW.R: 


FF H-t014 


006D 


014 


MDVW.R: 


FF H«014 


006E 


1 8 


MDVL.M: 


FF H"018 


006F 


014 


MDVL.fl: 


FF H«014 


0070 


015 


MDVM.R: 


FF H-015 


0071 


015 


MDVM.R: 


FF HttOlS 


007c' 


015 


MDVM.R: 


FF H-015 


0073 


015 


MDVM.R: 


FF H-015 


0074 


015 


MDVM.R: 


FF H"015 


0075 


015 


MDVM.R: 


FF H» 015 


0076 


082 


HLT: 


FF HtfOSe 


0077 


015 


MDVM.R: 


FF H-015 


0078 


014 


MDVR.R: 


FF H"014 


0079 


014 


MDVR.R: 


FF H-MJ14 


007R 


014 


MDVR.R: 


FF H"014 


007E 


014 


MDVR.R: 


FF H-014 


007C 


014 


MDVR.R: 


FF H«014 



:E CODE 



A-30 



PC 


MICRDWDRD IN HE* 






SOURCE CODE 


007D 


014 


MOVA. 


R: FF 


H*014 


007E 


018 


MDVA. 


M: FF 


H3018 


007F 


014 


MDVA- 


ft: FF 


H3014 


0080 


034 


ADDR: 


FF 


H«03.4 


0081 


034 


ADHR: 


FF 


H«034 


0082 


034 


ADDR: 


FF 


H»034 


083 


034 


ADDR: 


FF 


H^034 


0084 


034 


ABDR: 


FF 


H«034 


0085 


034 


ADDR: 


FF 


H«034 


0086 


035 


ADDM: 


FF 


H*035 


0087 


034 


ADDA: 


FF 


H« 034 


0088 


03A 


ADCR: 


FF 


H" 03A 


0089 


03A 


ADCR: 


FF 


H-03A 


008 A 


03A 


flDCR: 


FF 


H"03A 


008B 


03A 


ADCR: 


FF 


H#03fl 


008C 


03A 


ADCR: 


FF 


H-03A 


008D 


03A 


ADCR: 


! FF 


H-03A 


008E 


03C 


ADCM: 


FF 


H«03C 


08F 


03A 


ADC A: 


FF 


H"03A 


090 


OAC 


SUBR: 


: FF 


HttOAC 


0091 


OAC 


SUBR: 


s FF 


HssOflC 


0092 


OAC 


SUBR: 


: FF 


HttOHC 


0093 


OAC 


SUBR: 


i FF 


H« OAC 


094 


OAC 


SUBR: 


: FF 


H"0AC 


0095 


OAC 


SUBR: 


: FF 


H-OAC 


0096 


OAD 


SUBM: 


: FF 


H-QAD 


0097 


OAC 


SUB A: 


: FF 


H~OAC 


0098 


0B2 


SBBR. 


: FF 


H«0B2 


0099 


0B2 


SBBR: 


! FF 


H"0B2 


009ft 


0B2 


SBBR 


: FF 


H*0B2 


009B 


0B2 


SBBR 


: FF 


H^OB£ 


009C 


0B2 


SBBR 


: FF 


H*0B2 


009D 


0B2 


SBBR 


: FF 


H*0B2 


009E 


0B4 


SBBM 


: FF 


H"0E4 


09F 


0B2 


SBBA 


: FF 


H«0B2 


Oft 


09 F 


ANAR 


: FF 


H«09F 


Oft 1 


09F 


ANAR 


: FF 


H-09F 


Q0A2 


09F 


ANAR 


: FF 


H"09F 


00ft 3 


09F 


ANAR 


: FF 


H"09F 


Oft4 


09F 


ANAR 


: FF 


H-09F 


00A5 


09F 


ANAR 


: FF 


H"09F 


00A6 


0E9 


ANAM 


: FF 


H"0B9 


00ft 7 


09F 


ANAA 


: FF 


H« 09F 


00A8 


OAO 


XRAR 


: FF 


HsOflO 


0A9 


OAO 


XRAR 


: FF 


H«OAO 


OOftft 


OftO 


XRAR 


: FF 


H-OAO 


OOAB 


OAO 


XRAR 


: FF 


H^OAO 


00 AC 


OAO 


XRAR 


: FF 


H«ORO 


00 AD 


OAO 


XRAR 


: FF 


H"OAO 


OOAE 


OBC 


XRAM 


: FF 


H-OBC 


OOftF 


OAO 


XRAA 


: FF 


H-OAO 


OOBO 


0A1 


DRAR 


: FF 


H"0A1 


00B1 


0A1 


DRAR 


: FF 


H"0A1 


0B2 


0A1 


DRAR 


: FF 


H«0A1 


0B3 


0A1 


DRftR 


: FF 


H*sOAl 


00B4 


0A1 


DRftR 


: FF 


HttOAl 


00B5 


0A1 


DRftR 


: FF 


H"0A1 


00E6 


OBF 


DRAM 


: FF 


H-OBF 


00B7 


0A1 


DRftft 


: FF 


H"0A1 


0B8 


076 


CMPR 


: FF 


H«076 


0B9 


076 


CMPR 


: FF 


HXQ76 


OOP A 


076 


CMPR 


: FF 


H"076 



PC 


MICRDWORD IN HEX 




SOURCE 


OOBB 


076 


CMPR: 


FF 


Hi: 076 


ODBC 


076 


CMPR: 


FF 


Hi: 076 


OOBD 


076 


CMPR: 


FF 


Hi: 076 


OOBE 


075 


CMPM: 


FF 


H«079 


OOBF 


076 


CMPR: 


FF 


H"076 


ooco 


ion 


RNZ: 


FF 


H-10B 


OOC1 


07C 


PDPB: 


FF 


H«07C 


OC£ 


107 


JNZ: 


FF 


Hi: 107 


OOC3 


04£ 


.IMP: 


FF 


H«04£ 


OOC4 


lOfl 


CNZ: 


FF 


H-lOfi 


OOC5 


064 


PUS HE: 


FF 


Hi: 064 


OOC6 


038 


HDls ' 


FF 


He 038 


OOC7 


055 


RSTO: 


FF 


Hi: 055 


OC8 


114 


RZ: 


FF 


H«114 


OC9 


050 


RET: 


FF 


Hi: 050 


OOCfl 


10E 


J2: 


FF 


H«10E 


OOCB 


000 




FF 


1£X 


OOCC 


111 


CZ: 


FF 


H-lll 


OOCD 


047 


CALL: 


FF 


H« 047 


OOCE 


03F 


RCI: 


FF 


Hi:03F 


OOCF 


055 


RSTi: 


FF 


Hi: 055 


OODO 


11B 


RNC: 


FF 


HsllB 


OOD1 


OFB 


PDPD: 


FF 


H-OFB 


OOD£ 


115 


JNC: 


FF 


H«U5 


OOD3 


08B 


OUT.: 


FF 


Hi: 08B 


OOB4 


118 


CHC: 


FF 


H-118 


OOD5 


064 


PUSHB: 


FF 


H:: 064 


OOD6 


OBO 


S'UI: 


FF 


H"OBO 


OOD7 


055 


RST£: 


FF 


Hi: 055 


OOD8 


122 


RC: 


FF 


H"l££ 


OOB9 


000 




FF 


12X 


oorrfl 


lie 


JC: 


FF 


H®1"1C 


OODB 


087 


IM. : 


FF 


H« 087 


OOBC 


11F 


CC: 


FF 


HifUF 


OOBD 


000 




FF 


12X 


OODE 


OB 7 


SB I: 


FF 


HisOB7 


OOBF 


055 


RST3: 


FF 


H« 055 


OOEO 


1£9 


RPD: 


FF 


Hi: 129 


OOE1 


101 


PDPH: 


FF 


HiflOl 


OOE2 


1£3 


JPD: 


FF 


Hi: 123 


OOE3 


09£ 


XTHL: 


FF 


Hi: 092 


OOE4 


126 


CPD: 


FF 


Hi: 126 


OOES 


064 


PUSHH: 


FF 


Hi: 064 


OOE6 


0C£ 


AMI: 


FF 


Hi: 0C2 


OOE7 


055 


RST4: 


FF 


Hi: 055 


OOES 


130 


RPE: 


FF 


H:: 130 


OOE9 


09B 


PCHL: 


FF 


H-09B 


OOEfl 


l£fl 
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